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PREFACE 


The. Mineral Resources Committee of the Imperial Institute 
has arranged to issue this series of monographs on Mineral 
Resources in amplification and extension of those which 
have appeared in the Bulletin of the Imperial Institute during 
the past fifteen years. 

The monographs are prepared either by members of the 
Scientific and Technical Staff of the Imperial Institute, or by 
external contributors, to whom have been available the 
statistics and other special information relating to mineral 
resources collected and arranged at the Imperial Institute. 

The object of these monographs is to gi ve a general account 
of the occurrences and commercial utilisation of the more 
important minerals, particularly in the British Empire. No 
attempt has been made to give details of mining or metal¬ 
lurgical processes. 

Harcourt, 
Chairman Mineral 
Resources Committee. 

July 1919. 
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TIN ORES 


CHAPTER 1 

TIN ORES: THEIR OCCURRENCE, CHARACTERS, AND 
USES 

The British Empire is well supplied with workable deposits 
of tin ore, the total British output being between 50 and • 
60 per cent, of the world’s supply. In early times and up 
to the eighteenth century Cornwall furnished the greater part 
•of the world’s output. About 1870 the rich alluvial deposits- 
of the Malay Peninsula began to be worked on a large scale, 
followed in 1872 by the Australian deposits. The tin-mining 
areas of South Africa and Nigeria are of more recent develop¬ 
ment. India, too, produces a small amount. The chief 
foreign sources are Bolivia, the Dutch East Indies, Siam and 
China. 

The chief centres of the smelting and refining of tin are in 
the Straits Settlements and the United Kingdom. Other 
important centres are those of the Dutch Indies, Germany, 
China and Australia. Before the war, smelting was carried 
on in Germany, but the industry has practically ceased 
there, and another result of the war is the establishment of 
a tin-smelting industry in the United States. 

The greatest consumer of tin is the United States, which 
buys 40 per cent, or more of the world’s output. This large, 
consumption is to be attributed partly to the use of tin-plate 
.caps in the preserved food, oil, and other industries, but still 
piore to the employment of various tin-bearing alloys. Other, 
consumers, taken in the order of their importance in pre-war 
days, are the United Kingdom, Germany, France, Australia, 
^pptria-Hungary, Russia, Italy and Belgium. 

. The war had at first less effect on the supply of tin than 
bh that of many other metals. The world's output had risen 
fa<jth about q.S.ooo tons in 1901 to a maximum of 134,000 
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tons in 1913. The loss of the German, Austrian and Belgian 
rharkets in 1914, together with diminished industrial require¬ 
ments in other countries, led to a general reduction in output, 
whilst the increasing cost of production and difficulties of 
transport increased this downward tendency. The production 
in 1916 was about 122,000 tons, which is still greater than 
in any year prior to 1912. 'J he large demands in America 
for tin in ii)iO and the following years could with difficulty 
be met, and consequently the pi ice rose to an unprecedented 
figure. In July 1914 the average price of tin in London was 
£142 ros. 41/. per ton ; in the same month of each of the four 
following years it was f ib; 5s. 10 d., £iOfj 9s. toil., £242 6 s. Oil., 
and £359 17s. 9 d. respectively. 

Tin: (>ki:s or Tin 

CussitfiiU: or tiHsh’iic is praetnullv the only important ore 
of tin. it consists of tin ovule (Sn(),), with a theoretical 
metallic content of ;S-b pel cent. (hides of iron and tantalum 
are sometimes present in small amounts. The mineral has 
usually a deep biown to til,irk colour, Imt it is sometimes 
red (ruby tin), yellow (tosin /in), and mav even be colourless. 
It lias an adamantine bistie, due to its very high refractive 
index (the mean value being 2-(>.|sh Its baldness is b or 7, 
and its specific gravity usually between to-H and 7-1. It 
crystallises in the tetragonal svstem. with prismatic habit 
and pyramidal terminations, and is often twinned. The 
varieties known as sjnimbh' tin and needle tin are characterised 
by an acute ditetragonal pyramid. .\ compact variety com¬ 
posed of radiating fibres, with comentiic structure, is known 
as wood tin, and toud s-eye tin shows a similar structure on a 
smaller scale. Shorn! tin is water-worn cassiteritc. It is 
found in alluvial deposits, while /hint tin occurs in the soil 
formed by the disintegration of stanniferous nxks. “Black 
tin is a term frequently applied to concentrated tin ore. 

Cassiteritc occurs in hides that aie connected witii granite 
intrusions, or more raiclv (lie volcanic equivalents of granite 
The lodes traverse both the granite and the surrounding 
rocks, and mark a late phase 111 the consolidation of the 
intrusion, when emanations of fluorine and boron altered the 
granite into greisen and formed minerals such as tourmaline, 
fluorite, topaz, lithia-mica, axinite and apatite, as well as 
quartz. A common associate of cassiteritc is wolframite, 
together with the secondary minerals scheelitc and stolzite.’ 
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Copper sulpirides, arscnopyrite, pyritc, and ores of bismuth, 
uranium and iron, are also found in cassitcrite lodes. The 
variety wood-tin, which only occurs in the upper part of tin 
lodes and in gravel deposits, is probably an alteration product 
of stannite. Cassitcrite itself is a very stable mineral and 
survives indefinitely in detrital deposits, 

Stannite is a sulphide of tin. copper and iron, containing zz 
to 27 per cent, ol tin, and frequently contains zinc, 11 is tetra¬ 
gonal but usually occurs massive, and is opaque, with a metallic 
lustre, and grey, black or bronze colom It has a hairiness 
of 4 and a specific gravity of 4-3 to 4 5 It occurs in veins 
associated with cassitcrite, a-' in Cornwall, New South Wales 
and Tasmania, and is sometimes voikcd for both tin and 
copper. 

Native tin is reported to occur as it regular 1 minded grains 
in some of the river gravels of New South Wales and elsewhere, 
but it is of no commercial importance 

The remaining stanniferous minerals aie of sci< ntillc interest 
only. The}' include the sulphides canliclditc, cylindrite, 
franckeite, tealhte and plumbost.nnutc, the borates noiden- 
skioldite, hulsite and paigeito, and the silicate stokesite. 

Statistics of Production m- Tin Oku 

Reliable figures lor the production of tin ore in the countries 
of the world are not easily obtainable. In some cases there 
are no official returns, in other cases tin se are. several years 
in arrear. Again, some of the munis are m terms of tin ore, 
without the percentage of tm bring stated, and m others only 
exports are given. Table r gives the most trustworthy figures 
indicating the amount of tin in the nies laised, these figures 
have been obtained or calculated from official or other returns 
available. (See also Diagram 1, p. 5) The same applies to 
other similar tables throughout the Monngiaph. 

Valuation of Tin Ork 

Most of the Cornish ore is sold at the ticketings held fort¬ 
nightly at Redruth. The smelters bill for the. parcels of ore 
offered by the mines, having previously sampled and assayed 
the ore. The samples are taken from the wet ore, containing 
from 6 to 12 per cent, of moisture, and no allowance is made 
for variation in water content between sampling and delivery. 
In addition to an arbitrary deduction to cover the weight of 
the sacks in which the ore is delivered, the smelters arc allowed 
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ton for each unit below 70 per cent, clown to 65 per cent., and 
decreases by 2s. 6 d. per ton for each unit above 70 per cent. 

A specimen contract for the delivery of Bolivian tin concen¬ 
trates in Liverpool contains the following details as to pay¬ 
ment. The price of tin on which the payment is based is 
the mean of the cash and three months' pi ice of standard tin 
as quoted on the London Metal Exchange on the fourteen days 
following the stcann i‘s repm ted anival at Liverpool, averaged 
to the nearest live shillings h roiri the percentage of tin content 
as shown bv assay the following deductions me made . 
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The pel cent age so obtained is multiplied by the agieed 
average pi ice of tin and divided by 100 A returning charge 
of £(> is deduct! d foi com uitiatcs assaying ho per cent, or 
oyer, and a luillict dedltttion id 2\. t ui. is nude for each unit 
below tio. dow n to a minimum id si P r[ cent. I lie total 
antimony, copper and bismuth content must not exceed 075 
per tent , and as. (>i/. is deducud !m eat li o't above 025 per 
Sent. 

Tuf Tkh 1 01 Tin 

Table 3 and Diagram 2 Slum the iluetuations in the price 
of tin m the years ipoi to lord, while 1 able 4 and Diagiam 3 
show tlie average monthly price from January 1912 to 
December 1918. 
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Table 4 


Average Price of Tin in London per ton (2,240 lb.) 
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Diagrams, in winch the price of tin ha-'- been plotted on the 
same diagram as the output ol dressed tin 01 e m British and 
foreign countries, slmu s the close interdependence winch exists 
between supple and price, and which cannot be disguised by 
the speculative character of the maiket "l'lie output is 
given in greater detail in Diagram 1 In 1 <i>>5 <> an incieasing 
demand for tin, together with a diminished output in the 
Malay States and Banka, caused the puce to rise ; this stimu¬ 
lated the development of low-grade deposits m Austialia and 
elsewhere, and caused an increased piodnetioii, which by 1908 
had overtaken the demand and brought down the price. 
Consumption continued to imreasr, however, and from 1908 
to 1912 the price rose m spite of the inu casing supplies from 
Bolivia, Banka and China. In 1914 and 1914 this increased 
production caused the price to fall, and the lust fifteen months 
of the war saw a small demand, low price, and diminishing 
output. In 1916 and the follow mg years, however, the Ameri¬ 
can consumption grew to unprecedented piopoitions; the 
expense and difficulty ol mining and shipping the ore under 
war conditions caused a further decline in production ; and 
consequently prices rose to hitherto unknown figures. 

High prices, as compared with those, of 1914, are likely to 
rule for some time. To the large demands caused by industrial 
.expansion in Allied countries after the war will be added those 
of Germany and Austria ; and only gradually will it be possible 
to obtain the capital and machinery necessary for a large 
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increase in production. Until the supply mqre nearly equals 
the demand, high prices must prevail, and this will stimulate 
the exploitation of low-grade deposits which in 1914 would 
have been unremuncrative. 

Tin- Prorfrtiks or Tin 

Tin has a silvery-white colour and a brilliant lustre, it has 
a crystalline structure, as may be seen when the surface has 
been slightly attacked by an add (nunre miUilliquc). To this 
crystalline structure may be attributed the low tensile 
strength of the metal, as well as the characteristic “ cry ” 
and the elevation of temperature produced by bending a bar 
of tin. 

The atomic weight of tin is 118-7 and its specific gravity is 
7-29 when east. In rommerci.il tm the latter oiten rises to 
7-5, since the impurities commonly pic-a-nt have a higher 
specific gravity than tin. Tm melts at 2 ;2° ( . and boils at 
about 2,100° C, but is volatile at lower temperatures. Its 
specific heat is 0-056. It has a conductivity of 14-5 for heat 
and of ii-j for electricity, that of silver being taken as too 
in each case. It is veiv malleable and ductile, especially at 
100“ C., and can easily be rolled 01 beaten into foil. At a 
temperature of about 200° t'., however, pure tin is so brittle 
that it is readily shattered by a blow from a hammer. At low 
temperatures, and especially about - 40 ('., tm tends to pass 
into an allolropic modification known as gi cy t m. This change 
is sometimes referred to as “ tin pest." the tm being covered 
with small pustules of grey tin, which is an incoherent powder 
and has a lower density than the common white tin. 

The best brands of commercial tin are remarkably pure, 
often containing less thano-i per cent, of other metals. Class A 
tin, which contains not less than 00-75 per cent of tin, is 
taken as the standard with regard to price ; Class B metal, 
with from oq-o to 0<)'75 per cent, tin, is priced at ^7 per ton 
lower. The former is used in tin-plate manufacture, where 
impurities give a duller and poorer coating, but Class B tin 
serves for the making of alloys. 

The impurities usually present are copper, iron, lead, anti¬ 
mony, bismuth, tungsten, sulphur, arsenic and stannic oxide, 
These impurities tend to make the tin harder and loss malleable, 
and also impair the brilliancy of its lustre. Table 5 gives the, 
analyses of several commercial brands of tin, according to the 
London Metal Exchange. 
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Table 5 

Analyses of Commercial Brands of Tin 
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Pyrmont . 
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ml 
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m! 
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0 22 i 

0 °-’5 
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o-oiH 
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u-onj 
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ml 
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->'•37 
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•»9 ‘Ml 
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0-022 

trace 

O OOI 

0-020 1 tra» e 

trace 

0005 
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00 720 

o-IlcS 
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00,1 

0 oo 7 

<>•<<52 ( O-00.j 

<» ooy 

0-007 

Do., No 2 

<>3*710 

°* 5 f »o 
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0 055 

0 104 , <1-017 


<eoo 4 

Do., No 3 

9\r 3011 
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0 05O 

o-212 
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<<•021 
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O-i }n 

o -(-5 3 

" -1 77 
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j 

o-ooft 
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Th. Goldschmidt, 
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' ’■ <, °4 

ml 

<'•102 
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"■‘•>5 
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<>- f 25 

ml 

0•<»()<4 ' tl.lCC 

ml 
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Do, No 3 

00* I c >‘» 

<>‘12 2 

0-0 46 

o-I .}4 

"112 

0-452 • 0-007 

o-ooO 

trace 
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00-34 3 

0-0 jl 

0-040 

'>•4 34 

o-oo 1 

0-052 o-oio 

trace 

0*011 
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<)%■(■><) 2 

'.30 

<’ f M 5 
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0-1 4,4 . 0-014 
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<>•020 
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0-01 8 
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* Cobalt, 0*012 per cent. 


Uses of Tin - 

Tin is rarely used alone, except in pipes for distilleries and 
in the form of tin-foil for wrapping purposes. 

The most important use to which it is put is in the manu¬ 
facture of tin-plate. The industry is centred chiefly m South 
Wales and the United States, and consists in applying a film 
of tin to the surface of thin sheets of mild steel. The sheets 
thus protected are made into “ tins ’’ 01 cans for the transport 
of preserved food, oil, and other commodities, or into cooking 
utensils, etc. The metal used for rolling into sheets was 
formerly charcoal iron, but very mild steel is now employed. 
The bars of steel are heated to redness, rolled, and folded 
in two. The rolling and doubling over are repeated until 
sheets of the required thickness are obtained, which are then 
cut to size and separated. The rough " black plates ” thus 
produced are covered with a black scale of oxide, which is 
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removed by pickling them in warm dilute sulphuric or hydro¬ 
chloric acid and then rubbing them with sand and water. 
They are then annealed, cold rolled, re-annealed, and again 
pickled, rubbed with sand, and swilled with water. While 
still wet they are passed through the tinning machine. This 
usually has two compartments, but the division does not reach 
to the bottom. The molten tin in the lower part is covered 
by a tiiix of zinc chloride in the fust compartment and by 
melted grease in the sis ond. The plates pass through the flux 
and down through the tin, emerging through the grease. They 
then pass through rolls which remove superfluous tin and give 
a smooth and bright surface. 
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Tin alloys readily with most metals. The alloys serve a 
variety of purposes, and at count lor the greater part of the 
world’s tin consumption. In tm-plate a true alloy is formed 
at the junction of the tin and non, and tiro same may be said 
in the case of copper vessels eoated with tin. An alloy of 
lead and tin, containing 15 to 25 per cent, of tin, is used for 
coating iron sheets, which are then known as terne plates and 
used as a substitute lot galvanised iron for roofing, oil-tanks, 
etc. Small amounts of tin are often added to the spelter used 
in galvanising iron, to improve the appearance. Pewter and 
solder are other familiar examples of tin-lead alloys. The lead 
in pewter used for drinking vessels, dishes, etc., must not- 
exceed 20 per cent., or there will be a risk of lead poisoning, 
W little copper is sometimes added to increase the hardness 
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of pewter, but the colour is adversely affected by it. Tin-lead 
alloys are also used for organ-pipes. Solders vary widely in 
composition, according to the use for whir It they are intended. 
The melting point falls with inctease ol tin until the eutectic 
proportion is readied u it it (>; per cent, nt tin. By the addition 
of bismuth still lowct melting points me obtained, and the 
alloy passes into the so-called litstltle metal- 

The use of tin for haidmuig copper has been known front 
ancient times. About 5 per cent tin is added to copper for 
coinage pm poses, while ancient brow/es < < uitaiii ft out 8 to 15 
per cent. Bun metal contains 8 to 10 per cent, of tin, and 
has great strength and toughness In hell metal the per¬ 
centage varies Irom 16 to ay Spec ttlunt metal tot rc'flee.tors 
contains about 15 pet cent ol tin ,md (17 jx-i cent, of copper, 
though other alloys ate now frequently iis, d lot the purpose, 
(’.un metal, tormeily used lor easting caunon, is now employed 
in various parts ot machines, such as geat mgs, slide-valves, 
beatings, etc Bor these purposes phosphorus is advantage¬ 
ously added to act as a dcoxnli-ci. and 111 excess to increase 
the hardness and resistance to weal. Such alloys are known 
as pliospltor-bron/e, 


/aWa 7 
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1 
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. 1 A 
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Alloys of tin with antimony and one or more other metals 
are of great industrial importance. The white antifriction 
metals vary in composition aceoiding to the weight and speed 
of the load they are intended to bear. Btitannia arid similar 
silvery-white metals consist mainly of tin, while in type metal 
lead preponderates and tin is often omitted in the softer and 
cheaper qualities. Tin amalgam was foimorly much used for 
making mirrors. 
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Table 8 


Bearing Metal, Britannia Metal, and Type Metal 



Tin. 

Antimony. 

Copper. 

Ivcad. 

Bismuth. 

Bearing metal, Babbitt's 

90 

7 

3 

— 


,, fur locomotives 

S 2 

if 

4 



„ ., Sol*- 

11 '5 

U*5 

3 

7 * 

— 

Britannia motal for spinning 

< j \ 

5 

1 

-- 

— 

,, rolling . 

90 

7 

3 

— 

— 

.. ,, casting . 


i< 1 

4 


2 

Queen's metal . 

/*» 

s 5 

-- 

8-5 

8 

Type metal 

j" 

1 hi 

2 

70 

— 

.. 

7*5 

1 f 5 


7 8 



Tin compounds arc extensively used in the dyeing, calico- 
printing, and silk lndustpcs. ! lu* stannous salts have great 
reducing properties and me used as resists and discharges in 
printing. Stannic cldoi ide, cotton spn its, or tin spirits (names 
given to a vat inly of solutions of tin) is hugely used as a 
mordant for cotton and linen, as is also sodium stannate 
(preparing salts), hoi wool, stannous cldoi ule (tin ciystals) 
is usually employed 'I lie weighting of silk also consumes 
large ipiuinilics of st.imm chloride. Many other compounds, 
suc.ii as stannous nitrate; Mdphocvunide, acetate, oxalate, 
citiatc and tarUatc, are also used as mordants in dyeing. 
The" pink salt ’’ funnel ly employed hv dyers consists of stannic 
chloride and ammonium chlmide. 

In ceramic industiies stannic oxide is extensively used to 
form an opaque white in enamels, glazes and glassware. A 
blood-red gla/a is piodm < 11 by compounds of tin and chromium, 
while pm pie of ( assiu , is a i ompound of till and gold. 

Stannic sulphide is employed as a gilding material under 
the name of mosaic gold. Various pink, lilac, blue and green 
pigments contain tin, but they ate of comparatively little 
importance. 

A mixture of tin and lead oxides forms the putty powder 
used in polishing glass, stone and metal. Under the name of 
tin ash it is used a No in the pottery industry. 

The relative quantities of tin used in the United States for 
the different purposes enumeiated above is shown in Table g. 
The figures relate to a war year, 1917, and in other countries 
different proportions are probably allocated to the various 
industries. Chemicals (oxide, chloride, etc.) only account for 
1718 tons. 
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Table q 

Consumption oj Tin in the I'nitcd States in unj {tons) 


Tin and terne plate 
Solder . 

Babbitt and other be 
Brass and bron/o 
Foil 


nmu inclaN 


t'nllapMble tubes 
i 7 “< >u . \\ ini' jih’I al, 

in s« “ MiM'fli.uieuiH 

b' N( "‘ ! 

I.’ 

I I UI A! . 



70 2 y; 


The recent m.iicuv "f 1111 ha-. h tl in investigation-, being 
made, especial!} in Amen< .i, into tin possibility of inducing 
the tin contents oi vmi™»,alloys in old. 1 tu make the limited 
supply of the metal go fuither In the use of tin-plate, tt 
was shown some warn ago that ulnl< the bistre and resistance 
to rusting ineiejse somewhat with met easing u eights**! coating, 
the utility of the tm-plate lot p,o kin;; most classes of food is 
practically the same lot plate cam in;: fiom 1 to ; Ih of tin 
per base ho\ (i 1 a she, is, ig h\ com) I Iron a b,,11 mg metal 
containing (>5 pel tent lopjiei, ;o lead, and g tin has been 
used with stuerss, and III tills allot' > 01 even ; p, r gent, 
antimony may loi some jn m poses be -iibOitm, d for tin. Bab¬ 
bitt metals with only 5 pei , cut tin, 01 e’en no tin at all. 
have been tested by the Bun an of Slandatds as well as alu¬ 
minium and other bion/cs 1 he Bun-au leeommetids a solder 
containing 80 per eent. lead, to tm. and to cadmium. 

SjicOmcvkv Tin 

The recovery oi (m front id, an '-caps of tm-plate ami from 
alloys and rompounds containing tm yields considerable 
amounts of tin and tin rompounds m this country and (lie 
United States, Only m Genii,mv, however, has extensive use 
been made of old tm cans and other such 1 rinse,but an attempt 
is now being made to utilise in this , minti v the old tins that 
were formerly either wasted or sent to Germany as ships’ 
ballast. In some cases the scrap is merely placed on grids 
and heated, when the molten tm falls to the bottom. The 
Bergse process employs stannic chloride as a solvent, which 
dissolves the tin and forms stannous chloride. This solution 
is electrolysed in a separate vat, when metallic tin is deposited 
and stannic chloride regenerated. In an electro-chemical pro¬ 
cess the tin-plate cuttings form the anode and a 10 per cent, 
solution of caustic soda is used as the electrolyte. Sodium 
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The tin ore imported is chiefly of Bolivian origin, and is 
shipped to this country from ports in Chile and Peru. The 
total imports from South American States rose from 22,542 
tons in 1914 to 55,767 tons in 1915, when the Bolivian ore 
which formerly wait to (lermany was diveitcd to this country. 
In 1916 the amount had fallen approximately to normal 
at 24,587 tons, the excess ore being taken up by smelters 
in the United States and South Ameiiea. Nigeria sends the 
whole of its output of tm on' to be smelted in this country, 
but the South All lean ore vine li forme) lv came here now goes 
almost entirely to the Sti.uts St ttlenientx. This change, 
though obviously ace. lei,ited by war conditions, had begun 
before the wai, and its cherts will doubtless continue in time 
of peace. 

The.greater part of the tin imported mtn the United Kingdom 
is smelted 111 the Straits St ttlcments. Australia, Hong Kong 
and the Dutch East Indies are the next hugest contributors. 
The imports fiom the lusl-nam<d eimiitiy show an increase 
in 1915 and 1910, due to much of the 1111 that was formeily 
sent to Holland and (lei many coming to tins country. 

Tables 12 and ).j give details of the imports of tin me and 
tin in m erit years. 

The exports of tm ore and tin from the United Kingdom 
are shown m I'ubh ■> 14 to 16 Small amounts of ore were re¬ 
exported, principally to (lei many In the live years preceding 
the war the United States took between 28,000 and 53,000 tons 
of tin annually, or about 70 per cent, of our exports. In 1915 
the exports to the States fell to 17,(110 toils, in Iijl6 they were 
21,672 tons, and in 1917, 18,702 tons. This fall is largely due 
to high freights, much fmcign and colonial tin that was formerly 
brought to tins country for tians-slnpmeiit being now sent 
direct to its final destination. 

The tin-plate expoits also show j gieat decrease in quantity, 
though not in value, dmmg the war years, having fallen from 
494,497 tons in lotj to 177,585 tons in 1917. The United 
States was formerly a large customer, but now that her own 
tin-plate output has increased to over a million tons a year 
she has begun to send it to this country, besides supplying 
much of the needs of Canada, South America, Japan, India, 
and other countries. 

Cornwall, with the western part of Devon, was for centuries 
the most important tin-mining region in the world. The 
industry dates back to pre-historic times. In the sixteenth 
century the output of tin was about 700 tons a year, which 
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Imports of Tin Ore into the United Kingdom 
In tons lb ) 
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'otal . . . Tons 46 2S5 45.9^6 43.*57 45 - l>S2 1 4 r, .v6i 3S.696 | 33.646 | 27,143 

r alue . . . I , 7,159,782 -8, 739.469 8,970,144 9-5 i . (, °4 j 6,359,145 6,304,546 6,149,490 6,198,243 






Table 14 

Exports of Tin Ore (Foreign and Colonial) from the United Kingdom 

In tons (2,24c lb.) 
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increased to 2,000 or 3,000 tons in the eighteenth century. 
Between i860 and 1890 it reached nearly 10,000 tons a year, 
but receded to about 4,000 tons in 1899. As recently as 1870 
Cornwall produced 50 per cent, or more of the world’s output, 
whereas it now produces only about 4 per cent. The total 
amount of tin which has been produced from Cornish ord is 
estimated at about 1,500,000 to 2,000,000 tons, a figure only 
exceeded by one other 1 cgimi. 1 lie Malay Peninsula, including 
Banka and Billiton, produced about 2,300,000 tons of tin down 
to 1916, Australia and Bolivia ra< h about 300,000 tons, whilst 
the lodes of Saxony and Bohemia, which are now practically 
exhausted, have yielded little inon than 100,000 tons. 

The tin and copper deposits of < oinwall and Devon are 
connected with live large masses of granite, and some smaller 
ones, which are intrusive in sedinicntai\ rocks and associated 
igneous rocks known as " greenstones " I he sediments are 
for the most pait slatv m character and are called " killas.” 
In age they are p.utly Oidovician (m older), partly Devonian 
and Carbonrfeiwus, while the granite intrusions are either late 
Carboniferous or Permian 

Closely connected with tin- granite intrusions are numerous 
" divans,’’ or dykes of ipiattz-poiphviy, while the last phase 
of igneous activity was inaiked by the emanation of metalli¬ 
ferous vapours and solutions through lisMucs which traversed 
the granite and overlying Lilas This gave rise to the till- 
copper lodes, with their dominant enst-notth-east sliike. The 
lead-silver lodes which ti.neise the killas in a north and south 
direction appeal to be of later date. 

'1 he lodes and elvans ate for the most pai t crowded together 
at cm side cT the granite intrusion, near its margin or in the 
surrounding metamoiplue auieole. 1 his appeals to be due to 
excessive distuibailee of the sedunentaiy rocks on one side of 
the intrusive mass do the same cause may be attributed 
differences in the structure of the lodes. I11 the principal 
centres they consist of wide zones of fissured rocks, with 
frequent bieccias and crushed material; while the outlying 
lodes consist of clean cracks 1 >r joints of remarkable straightness. 

The chief ores found in the lodes are cassiterite, with some 
stannite; chaleopyiito, bomite and chakocite; wolframite 
and scheelite. Less important are galena, tetrahedritc, silver 
ores, zinc-blende, bisinuthinite, molybdenite, cobalt and nickel 
ores, pitchblende (uraninite), manganese and iron ores. 

Professor Cronshaw, who has made a detailed examination 
of a number of lodes at vai ious depth s, contributes the following 



UNITED KINGDOM 


25 

note, embodying his conclusions on the time-order of deposition 
of the lode contents :— 

% 

" The mineral contents show a definite arrangement 
within the lode fissures, and, moreover, display well-defined 
* mutual relationships. This definite airangement is the 
outcome of a definite older of intrusion, which, for the 
Camborne district—and it Vciy probably admits of wider 
application—has been found to be as follows.— 

I. Laige grained and < onsnleiably brecciated 
quaitz 

» II. Small grained quartz, cassiterite, tourmaline, 
and chlorite. 

III. (a) Drown, finely eiystalhsed tourmaline and 

chlorite, or ' brown peach,' with minute grains 
of cassiterite and a ceitam amount of arseno- 
pyrite. 

(b) ' Blue peach,' with cassiterite, and some arseno- 
pyiitc 

IV. (a) fluorspar, and to a less extent, secondary 

quartz veins containing a little copper pyrites 
and occasional re-etystallised cassiterite. 

(b) Cdkite veins 

(c) Veins of haematite, iron pyrites, quartz, etc. 

(d) Veins of galena, zinc-blende, quartz and copper 
pyrites. 

The bulk of the cassiterite made its appearance at stage 

III (a). 

“ The several stages were srpiualwl by intervals, towards 
the end of which movements re-opened the lodes, pre¬ 
paratory to an infiltration and deposition of additional 
material. The amounts of the various mineral associa¬ 
tions deposited m the lodes at each stage differ in every 
case, as also the extent to which lissui ing took place during 
each interval. Thus some lodes are ciiaiacterised by the 
• predominance of certain minerals, or associations of 
minerals, and likewise a certain amount of variation in 
character of mineral Constituents takes place from point 
to point within one and the same lode. The commonly 
observed preference of copper ores for the upper parts of 
the lodes is probably due to the fact that the latest move¬ 
ments which were connected with the mineralising opera¬ 
tions would be more likely to affect those portions of the 
lodes which lay within the killas than the portions situated 
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in the more resistant masses of granite, and the ores of 
copper, which were amongst the latest to arrive, would 
find in this zone the open spaces required for their de¬ 
position. 

"The later < toss-courses intersect and fault the tin- 
copper lodes so that their directions of strike are roughly 
at right-angles to one anothei. 1 he cross-courses do not 
contain tin, but m some, tuses tlu-y have yielded ores of 
lead, zinc and silvei 

“ ('(UKbnnic tind Laml'fi I'.ncl .Imis - Geographically con¬ 
sidered the lmles of south-west ( ornwall show certain 
pecuhai itH's in tin ii di-tribidi<si In the Land s Ln{J area 
they are gnlhried into i-.ol.itnl groups, either within the 
giainte or immediately out ado its margin ; m the Cam¬ 
borne and Kediuth dMiuls tiny are packed into the 
nanow belt of metamorphosed shales lying along the 
Hanks ol the tun lin.i and t am Martli granite intru¬ 
sions, whilst • lie intern mi® i * unit i v oc< upied by a broad 
tiact ol kill,is, is i liar.u tensed b\ a more general dis¬ 
tribution Tin se 1--atur< when < om-ulned in conjunction 
with the geologn.il stun tine ol the region, lead to the 
jin j mi taut oh ,ei vat ion th.it the moiv mi pin taut ore-bodies 
aie generally '-United at oi neat the pan tions between 
granite and kill,is I'lie apparently anomalous cases of 
lodes oci m i mg w it lull Ii arts ol ki lias and gianite still con¬ 
form to the griiri.il tide, till, ill the funnel ease, tile killas 
is underlain at no gieat depth by granite, and, in the latter 
ease, lodes situated within the outcrop of granite no doubt 
represent the i oots ol eroded, and loi merly nun e extensive, 
bodies. That the tissiirmg was tar from being general is 
shown by the ab.enee of valu.ihli oie-deposits from the 
lowai half of the Land s Laid mass, as also from the 
metamorphosed iiiaigm above l’en/.anee, and the zone of 
alteiatum sun minding the huge granite boss of Carn- 
menellis. 

" Another factor which seems to have an important in¬ 
fluence upon the distribution of the ores is the angle at 
which the suitaec of the granite slopes beneath the killas. 
Where this is high the zone of metainorphism is narrow, 
and the mineral deposits aie sparingly developed ; on the 
other hand, the richest and largest deposits have generally 
been found where the slope is gentle y 

“ In many cases the passing of a lode from killas into 
granite has effected an important change in the value and 



UNITED KINGDOM 


27 


nature of its contents. It has long been observed that, 
generally speaking, the lodes in the granite are richest in 
tin, those in killas most productive of copper, whilst in 
those at or near tin junction of the two locks, both tin 
and copper are found Many iod< s of the latter type, 
furnish good instances of the variation in the proportions 
of tin to copper with change of depth , and as a general 
rule it is found that in the nppei pat Hiff --neli lodes copper 
ores are dominant, whil-t m depth and within the giunite 
they give place to i ich dt posits of tin 

"The genual distribution ot the individual lodes is 
more conveniently < onsideit d win n til* y .lie gmuped into 
zones. This is iciideud possible by the fail that, as a 
rule, they occur m eioiip. ot moie or less cIom Iv packed 
ami paiallel indit idtials, which hianeh, mieisect, and dis¬ 
play a generally fompliealed stun tine and aiiangement. 
It is along these |ode-/.ones that the puneipal mines are 
arranged. 1 he . minliv lock between these zones has 
suffered onl\ a ielati\elv small amount of nuneialisation. 
The individual tm-mbi rs display m.oiy 11 iegul.ilities. In 
strike tin v aie roughly p.uallil lo one auothei, aveiaging 
about E. go X., and their gennal dip n high and towards 
the Hwtlh They mteisei t one auothei, hraneli and unite, 
die out oi ' make 1 m the dm i timis of dip and sli ike, and 
send out siibsjdlai \ oil-hoot- 1 h< v \ a; y m width from 
point to point, and m the amount and direction of their 
inclination. Again they ' mineralise ' pollings of the sur¬ 
rounding Umntiy lock by sending out line offshoots." 

In the west of Cornwall aie the two mining centres of 
St. Just and St. fvis, both at the mu them maigin of the 
Land’s End granite mass. In the St Just district many of 
the mines are situated oil the ehlts. and follow tlie ore for long 
distances beneath the sea Much of the ore is confined to 
narrow fissures and, at the junction of these, nearly horizontal 
sheets or “ floors ” of tin ore often oe< nr The principal mines 
of this district are the Levant and Botallack mines. Of the 
St. Ives mines, St. has ( onsnls is the most interesting, by 
reason of its irregulni pipe-like d< posifs of tm ore known as 
" carbonas.” The great rarbona appeals to have been formed 
at the junction of vents with a cuws-ounse ; it had an average 
height of 24 feet and width of 12 feet, though in places its 
dimensions were much greater , and it consisted of tourmaline, 
cassiterite, chlorite, fluorite, chalcopyrite and pynte. 
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In the Camborne and Redruth district the primary zoning 
of the ores is well shown, many of the lodes being rich in 
copper ore while in the killas, on entering the granite the. 
copper gives place to tin. Thus at Dolcoath, the richest as 
well as the deepest mine in Cornwall, copper ore prevailed to 
a depth of about 1,000 feet, below which tin ore was found. 

Most of the lodes connected with the St. Austell granite are 
in the mctamorphic aureole on the south side of the intrusion. 
In the granite they are clean tracks or joints, tilled with quartz, 
cassiteritc and wolframite, while in the killas they often con¬ 
tain much brecciated cpuntiyrock, or consist of numerous small 
parallel cracks, sometime-, v ith intersecting cracks constituting 
stockworks. At I’aik of Mines a peculiar structure occurs, 
most of the tin ore being in opened planes of parting in the 
killas through which the veins cut 

The Bodmin Moor granite intiusion has metalliferous lodes 
near its south-eastern nuugin, but they have yielded more 
copper than tin. 

The lodes of Devonshire are chiefly in the neighbourhood 
of Tavistock, on the west side of the Dartmoor granite, and 
Ashburton on the east side of that intrusion. Most of them 
are in the killas, and copper 01 rs are more abundant than 
tin ores. 

The relative importance as sources of tin of these five great 
granite intrusions is shown by the following table, giving the 
approximate percentage of the total annual output produced 
by each intrusion and its surrounding rocks in recent years:— 

Per cent of 
total output. 


Land’s End granite , . . .12 

(amborne granite . .85 

St. Austell giamte .... 1 

Bodmin Moor granite . . . . x 

Dartmoor granite ..... 1 


The working of alluvial deposits, or " tin streaming,” is ai 
older industry than lode mining, and most of the deposits hav 
been worked over and over again till practically exhausted 
The St. Austell district is particularly famous for its tin-bearin| 
alluvial deposits. At the old Happy Union Streamwork'a 
Pentewan the tin ore was confined to 3 to 10 feet of grave 
resting on bedrock beneath some 50 feet of barren sand am 
silt, and about 50 feet below sea-level. In the high-leve 
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alluvial flats or " moors,” such as Goss Moor and Red Moor, 
which have been worked successfully in the last few years, 
the tin-gravel rests on solid rock and varies from a few inches 
up to 30 feet. It is covered by layers of peat, gravel, sand 
and clay to a thickness of 211 feet. The richest ground occurs 
in erosion channels and hollows in the solid rock, and has 
sometimes yielded several per cent, of black tin. All the 
tin-gravels appeal to be the results of the natural concentration 
of the heavier mutciial brought down dining a period of 
exceptional erosion when the land stood at a higher level than 
now. The output of black tin fioni these alluvial deposits 
in 1914 was 91 tons, clnelly from the “moors” in the 
St. Austell district. 

There are also similar works which treat the refuse sand and 
mud discharged from tin-dressing llooi s into sti earns and rivers. 
Several such works are situated on the Red River, which runs 
from the Camborne mines into St Ives Bay In spite of their 
activity much tin oie has readied the sea, where it has been 
concentrated by wave action on the foreshore of the bay. 
The output of black tin from these sources in 1917 was 954 
tons, but its avetage tin content was only 327 per cent, against 
65-6 per cent, in the case of ordinary dies. 

Old mine dumps contain material that was formerly thrown 
aside, but which may become worth treating through an 
increase in the puce of tin or improved methods of treatment. 
This source yielded 350 ton-, of black tin in 1917. 

Outside Cornwall and Devonshire then- are no tin deposits 
of economic importance in the British Isles. Stream tin occurs, 
however, together with magnetite, wolframite and gold, in 
some of the valley gravels of County Wicklow. There is also 
a peculiar occurrence at Cain Clniinneug, Ross-shire, of cassit- 
eritc associated with streaks of magnetite in foliated granite- 
gneiss. 


Asia 


Ceylon. —Cassitcrite has been found in gem gravels from 
the Balangoda area examined at the Imperial Institute, and 
some of the concentrates from river sands also contain small 
amounts of the mineral. No deposits of economic importance 
have yet been discovered. 

Hong Kong.—I n the Kowloon territory there arc tin-bearing 
alluvial deposits, and steps were being taken before the war to 
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work them. The source of the tin is probably connected with 
the granite, which has hitherto provided almost the sole mining 
industry of the Colony. 

Hong Kong has a considerable industry in refining the crude 
tin produced in Yunnan and other part; of China. There are 
five retineries, and the imports of unrefined tin from Yunnan 
amounted to 6,1553 tons in kji 3 and 6.741 tons in 1914. 

India.—'J lie tin ore jnoduction of India is still small, though 
its value has increased from {9,645 in 1909 to {94,495 in 1917, 
South Burma was till recently the chief source, but the 
Southern Shan State s have produced increasing amounts of 
ore since 1912. The output in recent yeais is as follows :— 


Table 17 

Output of Tm and Ore in India 
In tons (2. 44-- lb ) 



i on 

! Jyi3 

:yi4- 

j 101*5 

j 1916 

1917. 

Burma : ! 




1 



Margin, metal . J 

i * 7 -S 

I U»-S 

>)S-I s 

i ''7 <75 

j 112 -86 

140-895 

,, oie . | 

i i 

*5 *5 

03 °5 

: ss * < 3 
| IW M 


88-05 

Tavoy, metal . [ 

<>2 o 

7 


> 

.. ore. . j 

* 5 

, , ,. 5 

j ( S M5 

; u-t > 5 

! S2-2 

! 88*i 

Southern Shan i 



1 

States, ore . . 

Thaton ore . | 

Amherst, ore . 1 

6o-i* 

*V75* 

13 s 15*; 

|33‘'-h‘)5* 

.’4 J-l 
** 

0-5 1 

! 

404-4 

8.V»5 

1-65 

Bihar and On^a : j 





Hazaribagh, metal ! 


i 

°'°5 


„ 

-. _j 

~ 

Total, metal . 1 

7 

t.S-5 

«)8-2 

'-'774 | 

112*86 

>40-895 


1 7*f' h 5 

i;u03 

-Ox)-75 j 

j 


666*05 

Total value / i 

.wm 

■ib.jS j j 

,i s .-°.i! 


59.'°4 

94,495 


* Mixed cassitente-wolframite concentrates. 


The ore is obtained chiefly from stream deposits. Some of 
it is smelted locally in small native furnaces, and the rest is 
exported in the form of 70 per cent, concentrates, mainly to 
the Straits Settlements. Table 18 shows the destination of 
the tin ore exported, and Table 19 the source of the imported 
tin. The consumption of foreign tin in India amounts to 
about 1,700 tons in normal years, and tin-plate is imported-,, 
to the extent of 40,000 to 50,000 tons a year. 
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Table 18 

Exports of Tin Ore from British India in the years eliding 
31 st March, ion-1017 

In tons U,H') 


Countries to which 
consigned. 

1910-ir 

1911-12 nn-M 

T'ilt-Jt , 101IM* j I9I6-17. 

United Kingdom. 
Straits Settle- 

i‘) 

o' 35 V s 

.8 j •) i 12 

raents . 

JOI 

lot, i;.s 10; 

M) • 8 ; .’0 2 

Other countries . 

- 

It) l 5 


Total . Tons 

I 3 <- 

Mli 

ns ( i'; i -’i 1 

Value. £ 

U',20«) 

1 j -*«,*>-:7 -• f, <73 

i 

is. 'Ill j yMj 11,14* 


Table. i<) 

Imports of U mcrought t in into British India in the years 
ending 31 st Monk, Kill 1917 

In cwt (11- Hi) 


Countries from winch ! 
ctmsigne 1 

1010- I 1 

1 1911-12 

190 

1 

i'ii ) 11 

,!•)(( l r > 

1 191 s -)6 

1916-17. 

United Kingdom j 

2,868 

i 3-5 2 f * 

1. 

' S "”| 

4.155 

1 I 2 6 

i 

M 22 

Straits Scttlem’ts J 


; v>-v >3 


'M 5 • 

i/.«' 1 ■ 


| - 5 1 5 ' s , 

25,501 

Other British Pos¬ 

1 





J i 


sessions . . i 

05 

; pm 


i s : 

5 , \ 

II./*, 

476 *, 

7U* 

Foreign count lies i 

18< ■ 

2 , 3 2 0 


11 1 

0 ■; 

2(-2 

v ’5 ; 

V>9 

Total . cwt. i 

36-355 

30 ,1 2 1 

it 

5 V* - 

!• i"o; 

17.8;; 

28. jOl 1 

2 7.965 

Value . £ j 

^05-455 

119 ,201 

}< 5 . 

7 i 3 : 

I 2 S 2S2 

ii 1,007 

2 It.!• 

• 5 9,ooj 


* Chiefly Federated Malay Statu 

The tin deposits of Burma form a link between the great 
tin fields of the Malay Peninsula to the south and those of 
Yunnan in China to the north. As 111 Malaya, the greater 
part of the ore is won from alluvial deposits, though the work¬ 
ing of lodes has also begun. In most eases work is carried 
On only on a small scale and by native methods; and the 
output might be greatly increased by the extended use of 
modern machinery. 

- In the extreme south of Burma, the tin-mining areas of 
the Mergui district have been examined by Mr. J. J. A. Page, 
of the Geological Survey of India. Granite ranges, trending 
north and south, are flanked by hills formed of unfossiliferous 
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' schists, slates, sandstones and quartzites. These sedimentary 
rocks constitute the Mergui series, but their age is unknown. 
The granite is in part gneissoid, and there is also a younger 
granite which is intrusive in the gneissic granite and the 
sedimentary rocks. Dykes of quartz-porphyry also penetrate 
the granites and sedimentarics. Decomposition products and 
recent alluvial deposits, together with a thick growth A of 
jungle, conceal the roi ks over large areas and add to the 
difficulties of exploratory work. 

Cassitciite is widely distributed throughout the district, and 
is invai iably found near the granite hills. It occurs in peg¬ 
matites, rich in tuuuualinc and muscovite, locally known as 
kra, and in veins and massive segregations of quartz. The 
disintegration of these socks produces the hill-side talus accu¬ 
mulations and stream dt posits which are usually worked 
by the Chinese and Siamese tin-miners. Among the tin¬ 
mining areas on the mainland may be mentioned Maliwun, 
Karanthuri, aungwa, Bokpyin, Yengan, Manoron, Mergui, 
Thabalik and tlu Drrat leiiassemn valley. In the Mergui 
Archipelago cassilerile has been winked in the gravels of 
King s Island, and also ocean s m K isscring and Davies Islands. 

farther noith, tin ore is obtained in small amounts in the 
Tavoy distif't, lmt it :s overshadowed by the important 
wolfram mining bullishy of that district, which in 1917 yielded 
3,b()7 tons ol oie. 1 he granite and sedimentaiy rocks of the 
Mergui series aie heie tiavetsed by pegmatite and quartz 
veins, which contain cassiterite and wolframite in varying 
proportions. ( assilente is relatively more abundant in the 
lodes which traverse the gianite, and these are frequently 
bordered by tin- ami tungsten-bearing greisens. The granite 
itself i, stannifei ous in places, from these sources are derived 
the float and alluvial deposits which yield the bulk of the 
ore won. 1 he Amheist district, north of Tavoy, produced a 
small amount of tm oie in ujib. 

flic 1 baton distiict of f.ower Iiurma also began producing 
in tqi6. 1 he tm-bcaiing alluvium is said to be rich and 
extensive, and a considerable output is anticipated. 

The Haw lake State, Kaienni, Southern Shan States, began 
with an output of bo tons of ore in 1912. In 1917 it had 
increased to 404 tons, and the district is now the chief producer 
of tin ore in India 

In the Hazaribagh district of Chota Nagpur, Bengal, tin : 
has been found from time to time in river sands by the native’ 
iron-Snielters. I here are two known occurrences of the ore 
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in situ, at Nurunga and Chappatand, and the ore occurs in a 
.cassiterite-granulite which sometimes contains as much as 
30 to 50 per cent, of tinstone. This rock has been opened 
up to a small extent at Nurunga. where it forms a thin band 
1 in a mass of microcline-granulite. 

Isolated crystals of cassiterilo have been found associated 
with gadolinite in pegmatite in the Palanpur State, and the 
mineral is known to occur in seveial other localities. 

Federated Malay States.— Tin- Federated Malay States 
are the largest producers of tin ore in the world. Moreover, 
owing to the great preponderance of alluvial over lode ore, 
the resulting metal is ot exceptionally good quality, and con¬ 
sequently “ Straits tin ” commands high prices. Most of the 
ore is exported to the Straits Settlements for smelting, though 
some is smelted locally, principally in Perak and Selangor. 
The amount smelted before export is shown in the following 
table, which gives the exports from the four Fedciated States 
expressed as metallic tin :— 

Table 20 


Tin in Ore and Metal Exported from the Federated Malay 
States 

In tons ( 2,2 jo lb ) 



10 12 

»‘M 3 

I 

J 0 H i 

1 0 1 * 

I<;i6 

1 9*7 

Negri Sembilan. 
Pahang . 

Perak 

Selangor . 

15,2011 

1,8*4 
3.131 

29 .4 ( M 

15.40O 

i/’ij ?] 
1 .'> K V 
-’*.5571 
15.1-.lj 

1.2-14 

27.776 
1 i.'i j* 

,,o 7 

3,480 

■ 17 .- 4 2 
1 - 4 1 

731 

3.496 

24,643 

10,960 

Total 


50,126 

•10.01^! 

■ 1 '*.?*><( 

41 .* 7 " 

39 , *35 

Exported— 
as block tin . 

i 

10.404] 

5,080 

j 

I/M-I 

4 . 3*9 

4.777 

5.415 

as tin in ore . 


45»°3? 

45-4' "'j 

4 2.307 

39/>93 

34,418 

Total value l 

9,803,(194; 

g. 782,598 

7 .°* 7 .-l 1 H 1 7 . 

1/0,'’’54 

7,520,566 

8,4.80,610 


... These export figures do not give a true idea of the relative 
production of tin in the four States, owing to a certain amount 
of inter-State trade in the ore. Thus a considerable proportion, 
of the ore raised in Negri Scmbilaii is included in the exports 
from Selangor. Allowing for such inter-State trade, the 
estimated production of tin for each State in 1917 is as 
follows 
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Table 21 

Tons (2,2401b.) 

Negri Sembilan .... 

1,038 

Pahang ..... 

• 3.691 

Perak ..... 

■ 24,678 

Selangor. 

. 10,426 

Total 

• 39.833 


The decrease m the exports, which has become more pro¬ 
nounced m (ai h year since 191;, may be in patt accounted 
for by the war Another and more pennanenl reason is that 
a largo number of ( Innese coolies have left the tin mines to 
take up work oti the rubber estates, whilst otlieis have migrated 
to Kedah and Siam It is probable too that the area of rich 
tin-beaiing ground suitable fur ( lanese methods of working 
is becoming induced ; and the capital neccssiny for modern 
hydraulic opetutiotia has, like the labour, been diverted to 
rubber plantations 

A brief account of the geology and general mining conditions 
of the Malay Peninsula will be given, befoie dealing with the 
four States siparately I lie Mam Range, which tonus the 
principal wateished id the Peninsula, consists of granite 
apparently of Meso/.oie age On the west side of the Main 
Range olfshoots of the gianitc form hills m Province W ellesley 
and Penang, in the 1 dialings, to the east of the Larut 
district, and m the kinking Range in lYiak. The oldest 
sodinieiitaiy rock iilmw the giamte h a crystalline limestone ; 
then follow in upwind succession clays, shales, quartzites and 
conglomerates ot (londwana (lV.imo-Garboniferou.s) age, and 
finally ree.i at alluvium All these rot ks contain tinstone, either 
dotrital ot deposited in them by pnemnatolytic action at the 
time of the giamte mtiusion. An interesting series of stan¬ 
niferous clays and bouldei days is believed by* Mr. J. B. 
Scrivener, the Gov eminent Geologist, to be a glacial deposit of 
Gondwana age, and to contain dotutal tinstone. This theory 
requires an earlier pnemnatolytic phase than that connected 
with the Mesozoic granite. Many miners and others prefer the 
old view that the clays and bonkler clays (the Gopeng Beds 
of Scrivener) ;ue really recent alluvial deposits or alteration 
products. 

In Pahang, the eastern foothills of the Main Range are 
formed of quartzites, conglomerates and shales. Further to. 
the east lies the Benom Range, which is composed of horn- ; 
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blende granite, and still further east is a broad belt of the 

1 Gondwana rocks, together with rocks of volcanic origin. 

The powerful action of the ground-water, under tropical 
conditions, reduces hard rocks to a soft condition for a con¬ 
siderable depth below the surface. In this way what were 
once quartzites, phyllites or granites may now be easily cut 
by hand, or washed away by a monitor , and their ore content, 
which might otherwise have been unobtainable except at 
prohibitive cost, can be won at comparatively little expense. 
Consequently alluvial methods of uniting aie widely employed 
on deposits other than alluvium l.ode mining m haul rocks 
furnishes only a small, though incie.isitig, piopoition of the 
ore won. 

Associated with dctrital tin oie in the runic concentrates 
there are other heavy minerals, including ilmeiiile, magnetite, 
wolframite, ziicon, rutile, garnet, twit mailin', topaz, cot undum, 
monazite, xcimtime, andalusitc, tieiuolite, hamatne, limonite, 
pyrite, arsenopynte, ehalvbite, anatase, biookite, seheelitc, 
galena, native copper, cohimbite, and stiuvente 1 lie heavy 
minerals left after the removal of the eassitente constitute 
what is known as arnaii^ Several samples of amangs, and of 
minerals isolated from them, have been examined at the 
Imperial Institute (see Hull hup hr.t , iqoh, 4 , joi ; iyo8, 
6 , 155 ; ryi 1, 9 , ’,5 j ; and 101.;, 11 . 11 ’,) 

Chinese miners weie the pioneers of the Malay tin industry, 
and about 75 per cent, of the me still cone s fiom mines owned 
and managed by ('him sc Their methods vaiy aecoulmg to 
circumstances,; In the granite they burrow beneath the masses 
of residual boulders in the valleys for the pay-dirt (kurang) 
which lies below. Patches of lull-side diift are hoed into a 
ground-sluice or tampan. On huger properties the deposit is 
worked opencast (htmlmng), and the karat ig is earned in baskets 
to the sluice boxes. Mining bv shaft and gullet ies is sometimes 
adopted. In many cases, after the Chinese have thus picked 
out the eyes, the deposit may stall he prolitably worked by 
hydraulic means. Gravel-pump dredges have proved as suc¬ 
cessful here as in Australia, particulaily in the western States, 
which are more developed and better provided with roads 
than is Pahang. 

The ore smelted locally is treated in small ( hinese furnaces, 
about 4 feet high and 1 feet in diameter. 1 hey are built of 

■ Clay and held together by iron bands, while a piston worked 
by hand in a hollow tree-trunk supplies the blast. Wood and , 

- charcoal are used, but no flux. 
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Tin mining is somewhat heavily taxed by means of an 
export duty on tin and tin ore. The duty is on a sliding scale, 
and varies with the price of tin. With tin at £150 a ton it 
works out at about 1.5 per cent, of the value of the tin content, 
which was taken to be 70 per tent, of the weight of the ore 
until 1917* tin* percentage was raised to 72 for purposes 
of assessment. A irbate is allowed in the case of ore from 
lodes which require blasting or flushing. An additional and 
prohibitive duty of $30 per pikul (£58 16s. per ton) is charged 
on any ore expoi ted without a guarantee that it will be smelted 
m the Straits Settlements, the United Kingdom, or Australia. 
Ihe tin duty is an impoi taut source of revenue to the Govern¬ 
ment, and amounted to £1,265,847 in the record year 1912. 

htgri 8 oulnltin In Jelebu three lodes are worked at Titi, 

Hydraulic methods were employed till recently, when difficulties 

in regard to the disposal of tailings led to their temporary 
abandonment. In this mine, as m many others in Negri 
Sembilan, a mixed cassiteiite and wolframite concentrate is 
obtained, and the minerals are separated eleetro-magnetically. 
In 1914 the mine yielded 494 tons of tin ore and 05 tons of 
wollrant 01 e. The Triang and the Kenaboi rivers also yield 
tin ore. 

In the neighbourhood of Seremban decomposed pegmatites 
with stanmfeiotis quartz vrinhts are worked by hydraulic 
methods Kuala 1 'iluli, I’amai, Rasa, ( hukong, Gebok and 
T11 kut may also be mentioned. 

Paining --The country to the east of the Main Range is 
not so nr h m tin ore as that to the west, There are, however, 
alluvial workings near the western boundary of Pahang (Ben- 
tong. bras, Machi), and also in the east, in the Blat (Belat) 
valley 111 the Kuantan distnct. Lode mining is carried on near 
tile headwaters of the Kuantan river. 

I lie Machi tin held lies to the south of Bcntong. The 
deposit is alluvial, and getieially not more than 12 feet thick. 
Jhe cassiteiite is angular and varies so much in grain that a ■ 
laige proportion is lost by the crude Chinese method of dressing 
it. Small lodes exist in the locality. One of these was found 
to contain quartz, yellow garnet, cassiteiite, zinc-blende, 
arsenopyrite, and pyroxene. ., 

The alluvial flats at Bentong have been worked for tin, but » ! 
at present the work is confined to the higher valleys of the 
am Range, on the boundary of Pahang and Selangor. Ill \ 
t ese localities the cost of transport is a very serious matter, . 
all supplies and ore having to be carried by coolies for long ; 
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distances over rough jungle paths. The workings are in shallow 
alluvium and decomposed granite. In the thinchong valley 
boulders of a rock composed of quartz, topaz and cassiterite 
have been found and traced to the parent rock. In the Ulu 
of the Kcnong angular cassiteute of varying grain-size is won, 
and near Bukit Fraser stanniferous granite and pegmatite occur. 
On Gunong Gapis, above Tras, a soft granitic rock is sluiced 
for cassiterite. A small lode on the Gau stream, traversing 
Gondwana beds, contains cassiterite associated with pyrite, 
clialcopyrite, bornite, aisenopynte, zinc-blende, cbalybite, 
calcite, quartz and garnet. The l.iang and Trung valleys 
also contain stanniferous alluvium. 

There are also alluvial workings on the Blat river, a tributary 
of the Kuantan. 

The lodes on the Sungei l.embing, another tributary of the 
Kuantan, run east and west, and are from 2 to 10 feet wide. 
The country rock is an altered sediment overlying granite, 
and the geological conditions rest ruble those of Cornwall. The 
lodes carry workable amounts of copper as well as tin, especially 
in their upper portions. 

Perak .—1 he Krnta district is the most important tin-mining 
region in the .Malay Peninsula. ( rysiullme limestone underlies 
the wide valley through which the Krnta nvci Hows. It is 
covered m part by clays anil boulder-clays (Gopeng Beds) of 
supposed Gondwana age. The otln r Gondwana rocks are 
mostly shales and quartzites. Fault-blocks of the limestone 
form precipitous hills rising above these younger beds. The 
valley is Hanked by the gianile of the Main Range on the east, 
and by that of the Kledang Range on the west. The intrusion 
of this granite, which is evidently younger than the Gondwana 
rocks, was accompanied by pneuniatohtic action and the for¬ 
mation of tin-bearing veins. But the boulder-clays contain 
detrital cassiterite which cannot, if they are Gondwana beds, 
be derived from the Mesozoic granites of the Main and Kledang 
ranges, but must be attributed to some earlier stanniferous 
intrusion. Bouldcis of touinialiue-iorundum rock occur in 
these beds. The recent deposits include sand with seams of 
lignite, and stanniferous alluvium and cave deposits. Even 
the soil is stanniferous. 

The principal mining areas in the Kinta District are as 
follows, beginning in the south-east, proceeding northward 
along the east side of the valley, and returning southward 
along the west side :— 

Kampar .—In this district clays overlying limestone are 
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worked in the low-lying country, while shallow alluvial deposits' 
on the granite slopes of Bujang Malaka have also yielded ore. 
In the Ulu of the Petai a pipe containing felspar, tourmaline, 
cassiterite and motallir sulphides was found in a tourmaline- 
fclspar country rock. The pipe was at first onty slightly in¬ 
clined to the horizontal, and measured about 8 feet by 13 feet. 
The ore is said to have yielded 3 per cent, black tin, and about 
1,000 pihuls (In) tons) were won from it. The apparent absence 
of quail/, and the lioshiiess of the felspai are peculiar features 
of this occurrence. 

Malim .Ye,ear -lleie sandy soil icsting on limestone is 
washed for eassitente. It appears to be the coarser residue 
of (iomlwana clays 

Sun^ci Si/uit. 1 his village is situated on the Depang river 
south of the limestone mass of (diming Tempurong. In 
Jehosaphat's (lesophut's) Willey an old fault-fissure has been 
filled with ilt tt it.11 1 |t>• 1 1 i/. touim.dme, iron ores, topaz and 
cassitei ite, and subsequent ly c men ted with iron-stained calcite 
to form a mli “ vein about | feet wide A large cave in the 
neighboiuhood is also known to contain detrital tin ore. 

Oof>(iig 1 his area includes the Ciopcng, New Gopeng, Ulu 
(/openg, Kinta T in. i rkk.i. and Snngei Raia mines. On 
many of these ptopcilies hydraulic operations are conducted 
on a large scale, the iimnitois removing clays and boulder- 
clavs, phyllltes, qu.ii t/.ltes and gianitc. 

Piilm .-—Most of the tm oie of this field has been obtained 
from clays and bmildei-days, though it also occurs in the 
granite and 111 eaves m the limestone. 

Ulu I'taii. -This mine is situated near Ampang on a patch 
of the clay beds faulted down between the granite and the 
limestone 

iambus) —In both theT.imbun and New Tambun mines the 
clays, which are practically free from boulders, are dug by 
band and puddled to separate the tin ore. 

Ttiiijong --Here, not far from the northern boun¬ 

dary of the Kinta district, there are two mines—the Rambutan 
and the Kinta Association, in the latter the clays are remark¬ 
able for the number of huge quartz boulders they contain. 

Menglanbu .— 1 On the west side of the Kinta valley, near , 
Menglembu village, a number of oie-bodies have been found . 
in the giaiiite ot the Kledang Range. Some of these afe 
ordinary veins, while others may be described as pipes. To 
the former class belongs the lode on Bukit Kambing, which 
trends N.E. and SAV., and has a hade of 32 0 , The width of' 
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the portion worked was 4 feet, and the average yield of ore 
6 per cent. Work was abandoned when the yield fell to about 
2 per cent, black tin. Several other lodes are known ; they 
have a similar strike to the Bnkit Kambing lode, and like it 
are associated with fairly fresh felspar and much tourmaline. 
Fluorspar is sometimes present. 

The pipe-like occurrence is scan in the workings of the 
Menglembu Lode Syndicate. Here the granite is strongly 
jointed and contains in places numerous minute veins of 
cassiterite set close together. Their general direction is 
20° E. of N., cutting the joints at an angle of about 45°. The 
vcinlets together compose ore-bodies which, though very 
irregular, average about t>o feet by 20 feet in horizontal dimen¬ 
sions, while one of them has been followed down for 500 feet. 

Penkalun .—Three large excavations are winked to the north 
of Lahat. They are all m the (iomlwaua clays In No. 2 a 
fault with a throw of about 20 feet has been exposed m the 
limestone floor, while in No. j small bodies of ore occur in the 
limestone itself, and the remains of others on its irregular 
surface. 

[.ahat. —Til this great open-cast mine, stiff blue days of 
Gondwana age overlie statmifi ioiw granite which rises to the 
west, and are themselves covered by beds of sand and clay 
with seams of lignite. These leceiit deposits are a more im¬ 
portant soulce of tm ore than the Gundwaita days themselves. 

Itotan Daluin -Here angular tm me i- distributed through¬ 
out a seiicsof day-., 140 feet thick in places. 

Redhilh and Fusing I.uinu. Moth these mines are in red 
clays and bouldci-clays with abundant boulders of tourmaline- 
corundum rock, and m both tin-bcai mg veins have been found 
in addition to detntal tm me. 

Fusing Bharu. —Here also the touiniahne-coiumlurn rock is 
abundant in the boulder-clays. '1 heso are covcied by stanni¬ 
ferous sandy beds and lignite. The limestone llooi, by solution, 
gives rise to well-rnaiked “ cups,’' which are lined with Gond¬ 
wana boulder-clays and filled with sand and lignite. 

Siputeh .—Here the “ cups ” are even better developed, and 
caused great trouble when the mine was first opened. The 
rare occurrence of a tourmaline vein in limestone has been 
noticed here. 

Tronoh. —A large open-cast mine was formerly worked by a 
system of shafts and galleries in the so-called " Tronoh deep- 
lead.” This is really a huge trough or elongated cup in the 
limestone, filled with Gondwana clays below and sands and 

‘m'V’Vf' • 
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lignite above. The western boundary is a reversed fault which 
brings down Gondwana quartzites and shales. 

Tanjong Toh A Hang.— The country here consistsof quartzites, 
shales and tourmaline schists. The most prosperous mines 
ar ?.'. n vicinity of kaolmiscd granite intrusions. 

'Iin Ore in Limestone —The deposit.,of non-detrital cassiterite 
in limestone may conveniently be described together. They: 
occur in the form of veins and pipes, the latter being as a rule 
the more valuable Vein's have been found at Siak, near 
Siputeh ; at Ayer Pangsang, near I.aliat, where a pipe opened 
out into a vein in depth , and at lVnkalan No. 3 mine, where 
several small stringers have been noted A larger ore-body 
at this locality contained ealcite, cassiterite, chalcopyrite, 
bornite, pynte, atsenopynte, tremolite, green fluorite and a 
little quartz None ol these veins have proved worth following 
up, but in two cases they gave rise to rich patches of ore owing 
to the solution id the limestone. 

Pipes have been found at I.aliat, Ayer Pangsang, Menglembu, 
and (.,hangkat Pai i I hey ai e 1 oughly elliptical m section and, 
in the last tlnee localities, aie composed of numerous small 
veins. I he gangiie is mainly ealcite, though quartz occurs 
also, and the eas-itei itr is associated with pyiite, arsenopyrite, 
chalcopyi ite, bmnite and antimonite. fluorite and tremolite 
are common, but tourmaline is iare. The I.aliat pipe had a 
similar origin, but (lie ealcite had been dissolved and the 
sulphides oxidised by descending waters. 

I lie Larut (list! id. to the north-west of the Kinta district, 
is another important tin aica I he country round Taiping 
is an alluvial Mat, rich in cassiterite, bounded 011 the east by 
the granite lulls of the Taiping range, and on the west by the 
quartzite Semanggo] Range. I.ode mining has been carried 
on at Selatna and Hlanda Mabok, the lode at the latter place 
yielding also aigentifeious galena and gold. 

In the Intan field, l jiper Perak, a lode on Gunong Paku is 
being mined. 

At Bruseh, in the south of Perak, a stockwork of tin-bearing 
veins in schist is worked between the Pinang and Durian rivers. 
The veins, the average thickness of which is about 1 inch, 
are numerous, and generally rich in tourmaline. • A little 
wolframite is found I he decomposed schist is worked by 
monitors, aided by explosives, the average yield being about’ 

I kati per cubic yard (1 kati = 1 -3 lb ). • v 

Selangor .— Near Tanjong Malim, in the north of Selangor, . 
there are numerous veins of quartz containing coarse cassiterjiteiiM 
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Averring _ soft sandstone and shale. Kalumpang and the 
Selangor, river produce considerable amounts of ore. 

. Farther south, at Screndah, decomposed gianite was recently 
worked by monitors on the site of old tampans, but is now 
. worked on tribute. 1 he granite is travel sod by veins of quartz 
aim ot greisen, both carrying cassitente. 

Kuala I.umpur is the centre of the most impoitant mining 
district in Selangor. At Salak South a pegmatite 1 icl, in tin 
is worked, lhe Sungei Besi oeeurrence, like that at Tronoh 
consists of unusually rich deposits occupying a great cavity 
at the junction of limestone ami giamtic locks. Kawang 
, pong, Setapak, Ampang ami Vrdang aie producing 
localities in this district. 


Oniedkkatico Malay SiATEs.-Ihe Untedeiated Malay 
States under British protection possess tin deposits, though 
apparently to a less extent than the Federated States. The 
relative smallness of their output, however, is due in part to 
the primitive, small-scale operations ot the Malay and Chinese 
miners. European methods are adopted in only a few 
instances, and difficulties of transport further limit the 
development of many of the deposits. 1 he export of tin ore 
m recent years is given below 


Table 21 

Exports of Tin Ore from the Unfcdcratcd Malay Slates 

In tons (j.s.jo Ih ) 


— 

1912. 

j 1913 

»yi 4 

j 1915 

191ft 

I 9 « 7 . 

Johore. 

Kedah. 

Kelantan 

Perlis . 

Trengganu . 

30s 

*35 

19 

188 

4°3 

| A <>1 

' 7 

; 108 

j 33 ' 

» 4 I 

800 

9 

187 

379 

j 2.8.J2 

aw 

b 

230 

398 

.1,408 

*79 

209 

475 

1 3 .-’72 
4 7 f > 

1 

196 
43 J 

Total 

i 

1.753 

i. 77 i 

2,27.9 

4.314 ! 

1 

4.771 

4 . 3/5 


. Johore.—Vp to 1914 Kota Tinggi pioduced most of the ore 
m this State, smaller amounts coming from Muar and Batu 
Pahat. In 1915, however, a new tin field on the east coast 
was opened, and produced 2,015 tons of ore, against 827 tons 
from Kota Tinggi. The new field appears to extend from the 
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Jemaluang, near Mersing, to the Scdili, and the quality of the 
ore is equal to that from the Kota Tinggi field. 

Kedah. —There are four mining districts in Kedah, viz. Kuala 
Muda, Kulirn, Krian and Kubang l’asti. The greater part of 
the tin exported from Kuala Muda district is won in alluvial 
workings near the town of Semiling, on the Merbuk river, at 
the foot of the southern slope of Kedah Peak. A rich deposit , 
of mixed tin and tungsten ore has been discovered recently 
near the village of Ciuitglooii in Sungei bmtok. 

Kelantan. -Tin oie has been worked on a small scale at 
Bukit Vong, Palau ( homlong and on the Nenggiri, but, as 
the British Advis< i says in his Admimsfiation Report for 1914, 

“ serious mining has at present no existence in Kelantan." 
Good tin deposits have been lepoitcd fiom time to time in 
Ulu Kelantan and elsewhere, and transport difficulties are 
partly responsible In tin lack of development. 

Perils.:- In the State of IVili-. ulmli lies to the north of 
Kedah, eassitente is won hum eaves and underground streams 
in the limestone hills on the Setul holder. Some of these 
underground workings extend lui a distance of four or five 
miles. 

In many cases work can only he eariied on during dry 
seasons, or after pumping. I lie tin-b>-aiing deposits in the 
caverns are not extensive , prospecting is difficult, cost of 
transpoit is very high, and larg#*cale operations aie extremely 
risky, though the Chinese linnet w ith a small capital will often 
do well. In one instance a giuwl pump and steam plant were 
installed to work an umlciground stix am, w ith quite inadequate 
results. The eassitente is usually wry fine-grained, and the 
cave deposits are in some cases cemented by oxide of iron, 
necessitating crushing. Sonic danger to the paddy fields in 
time ot Hood has been anticipated from the tailings, where 
these accumulate in large quantities. 

Tmigganit. —In Kcmum.m, in the south of Trengganu, lode 
mining is earned on at Bundi and Sungei Ayam. The bulk 
of the ore produced conies from these mines, both of which 
are under European management. 

The Bundi deposit consists ot soft clayey and sandy material,, 
with masses ot quartz, sulphides and iron oxides, between! ” 
walls of hard granite. The length is 1,575 feet and the greatest;’ 
breadth 120 feet, and tiie bottom has been reached only at 
Glen Reef, the most not therly working. The cassiterite occurs 1 
in the soft clay and in the ironstone, in the form of slender, - . 
pale yellow needles, sometimes ionning spongy masses. 



STRAITS SETTLEMENTS 


43 


' -X*hc Sungei A yam lode is from z to j foot wide. It is very 
. flat, and is mined by a succession of shallow stope-drivcs. 

Sungei Sendok, Sungei Paka, and Sungei Kajang also produce 
, some tin. On the Dung,in river wolframite and a little cassi- 
teritearewon. At Hukit Tawang, at tlieh.-adoftlieTrengganu 
river, an attempt at hydraulic mining proved unsuccessful 
• . Straits Si;m.r mu m s. The Niaits Settlements are small 
in area and only .Mal.uca |innlmo> anv tm ore Hut they 
possess the largest tin-smelting ami filming industry in the 
world, which is divided between Ni.ga|i>re and Penang. The 
states of the Malay Peninsula an nauuallv the scuuee of the 
greater part of the oie ■•imbed. but Siam,' the Dutch Indies, 
Australia, South Afiua. Hmma, and ovii Alaska send tin ore 
to the Straits for smelting. \ reit.im .imsiii.t oi mude tin is 
also received and retim'd. 

I lie magnitude of the mdimtrv \~ mdtiated in tin following 
tables. 1 able gj shows the souue of the tin ore ami metallic 


Till:/,- Z) 

Import') of 1 in On tn.il I n: In lit, SI tails Sitthincuts m 19x4 

1 n ton, j. ’ lb ' 


Count 1 u < fiutti u'lKh ImpmU'l 


Malav Pen :n sn/ii . 
Johore . 

Kedah . 
Kelantan 
Trengganu 
Negri Scmbilan 

Pahang 

Perak . 

Selangor 

India (Burma) . 

' Hong Kong 

.-Australia . 

South Africa 
Dutch East Indies 
Siam 

United States 
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Imports of Tin Ore into the Straits Settlements 

(Pikuls of 133$ lb ) 


SOURCES OF SUPPLY OF TIN ORES 
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Table 25 

Imports of Tin into the Straits Settlements 

(Pikuls of 113$ lb) 
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Table 26 

Exports of Tin from the Straits Settlcnu 
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tin received at Singapore and Penang in a typical year, 1914, 
while Tables 24 and 25 show the imports from 19m to 1917 
in a more generalised form, J he increase in the imports front 
the Dutch East Indies in 1915 was due to the war and the 
Allied blockade of Get many. 1 able 26 gives the distribution 
of Straits tin in the same years, and -hows one effect of war 
conditions in the increase in shipments dm it to the United 
States, Russia, and other eovmtiiis, instead of via England. 
The increased export to Get many in the e.ulv part of 1914 
is noteworthy. 

Malacca -—I he tm ore exported fiom Malacca m (lie years 
1912-10)17 amounted to 11, r5, o, S7. -;o and 10 long tons 
respectively. 

On the coast of Malacca, fei soon dot.one seuth of Kuala 
kinSfii* the sand and mud In lew high-tide matk have been 
washed for tm. 1 lie soune of the mmual is a seliist with 
numerous cpiat tz veinlcts earning i assiteiite ] hesehist over- 
lies granite, and forms the shoreim some did.uue, 'I his schist 
has been mined, Imt mo-t of the tm piodmed in Malacca has 
come from the beach di posits, uhtw the mateiial lias been 
disintegrated and cumentiated bv the waves 

At Cllin-( Inn some tinstone has In i n obtained from the soil, 
but feiruginous cement mteifiri- with h\di„uhr operations. 

At-RIi A 

Gold (oasi. —St 1 earn tin has Ins 11 h mid m small patches 
of gravel in the \\ inm bah district. I nistone also occurs on 
the surface and in pegmatite-gu tsen dvkes in the Mankofa 
depression and on Mount Mankwadi, m tin- same district. 

Nigekia,—B efon the eonuiig of Eukijx ans, tin was pro¬ 
duced in Bauch 1 fry the native-, who w.i-lnd the 1 iver gravels' 
in calabashes and obtained coarse black tm with bo to 65 per 
cent, of the metal. 1 he smelting was a family secret. Small 
blast furnaces, f feet b inches in diameter, were used, with 
charcoal fuel and a blast supplied by primitive billows of 
sheepskin. The metal was east 111 the form of thin rods about 
i inch in diameter and 12 inches long; it. contained about 
99-4 per cent, tin. There is little doubt that the metallic tin 
found in the gravels was smelted by the natives. 

On the subjugation of the hostile Kmir of Bauchi in 1902, 
the alluvial deposits of the Dehmi river at Naraguta became 
known, and were worked first by the Niger Company, Be¬ 
tween 1904 and 1909 the work of the Mineral Survey of . 
Northern Nigeria, in conjunction with the Imperial Institute, 
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showed the presence of cassiterite in the stream gravels of 
many localities, but it was not till 1909 and 1910 that a number 
of companies were formed for the purpose of winning tin in 
Nigeria. The former inaccessibility of the field has been 
removed by the construction of a railway between Naraguta 
and Zaria, where it connects with the Baro-Kano line. An 
extension to Jos and Bukuru was opened in 1914. 

Table 27 shows the output and exports of ore and tin from 
Nigeria. Practically the whole amount was sent to the United 
Kingdom, as is shown in Table 28. 


Table 27 

Output and Exports from Nigeria 


\ In tons (2,240 lb ) 


Year. 

Output 

Ore 


Exports. 


Ore 

Metal. 

Value (£). 

1904 . 

it 

— 

— 

_ 

1905 . 

i 

— 

— 

— 

1906 . 

11 

— . 

— 

— 

1907 . 

I?.*) 

21 

13 3 

25.265 

1908 . 

5'-4 

.vo 

17 

80,799 

I9O9 . 

-*51 

209 

39 

4^141 

IQIO . 

771 

692 

3i 

77 . 31 ° 

I9II 

1,470 

1.53° 

— 

lSl -759 

IQI2 

2,bSf> 

2.803 

— 

336.33 0 

I913 . 

5.m 

4.194 

2 

568,428 

1914 ■ 

6. M3 

6.175 

— 

706,988 

I9I5 . 

6,910 

6.533 

— 

723,48° 

1916 . 

8,222 

7.034 

— 

839,603 

19T7 . 

S.314 

9,906 

— 

1,485,887 

Total . 

41,005 

39.75 s 

222 

5,087,990 


Table 28 


Exports of Tin Ore and Tin from Nigeria, 1910-1917 

In tons (2,240 lb.) 


Countries to which 1 
Exported 

1910 

iQir. | 

19x2. 

I 9 » 3 - 

1914. 

19x5. 

X9l6. 

19 X 7 . 

United Kingdom, ore 
» M tm 

Germany . ore 
» • 

681)* 11 
3072 
' 2" 81) 
0*05 ' 

j 

1,3-9*35 | 

0'25 

2,802*64 

0*36 

4,19372 

2*17 

0*04 

6,175 

6,53 5 

7,054 

9,966 

“ ir 

Total . ore 

... • . tin 

Value . t 

692 

3077 

77,310 

1,529*60 

181,759 

2,803*00; 

336,330 

4.19376 

2*17 

368,428 

6,175 

706,988, 

6,535 

723,480 

7,054 

859,603 

9,966 

1,485,887 
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The chief source of the tin is the river gravels and alluvial 
flats in the neighbourhood of Naraguta. Ngell, Rukuru, Forum, 
Ropp, etc., on the Bauchi plateau. The plateau has an ele¬ 
vation of three or four thousand feet, and the climate is con¬ 
sequently much healthier than in most parts of West Africa. 
Here in the ancient crystalline rocks is an extensive intrusion 
, of soda granite, with pegmatite dykes and veins of quartz and 
tourmaline, and from these sources the si leant tin was derived. 
Near Ngell the granite contains c.is-ib ute associated with 
pyrite, chalcopyrile, tetiahedrite, zinc-blende, galena and 
sometimes wolframite. The concentrates from the alluvial 
deposits often contain much ilmcnite, as well as zircon, garnet 
and monazite. Rolled fiagmenls of topaz are also common. 

In the upper portions of the streams the patches of tm-bcaring 
gravel held up by bars of hard rock are usually so small that 
they are left to native tributers to woik The middle courses 
have more extensive areas yielding tinstone beneath io to 
30 feet or more of barren ovvibuichn, and hole hydraulic 
methods are profitably employed. The tin usually occurs close 
to the bedrock, but there are sometimes two or more tin-bearing 
layers. The, overburden is often baked hard in the dry season, 
and black powder has been used in places to break it up. 
In the lower sections of the valleys the deposits near the 
present streams frequently yield little or no tin, and systematic 
prospecting by bore-holes is required to determine the position 
of the old stream channel with its tm-be,tring gravel, which 
may lie beneath a cover 100 feet deep or more. The work 
of lifting the oveiburden and tin-gravel in these thick deposits 
will prove very costly if coal or crude oil is used to operate 
the gravel pumps, and it has recently been proposed to utilise 
the water-power of the Kwall Falls, where the Ngell River 
drops 800 feet over the edge of the plateau. 

In addition to this central and highly important field of the 
Bauchi plateau, tinstone occurs in many other parts of the 
Northern Provinces, as in the Ningi and Burra hills in Bauchi, 
in the neighbourhood of Gadama and Fagam on the borders 
of Bauchi and Kano, around Jemaa, Amaii, Gantam and Aribi 
in the north of Nassarawa, on the Verc hills in Yola and the 
IsShebshi hills in southern Muri, and near Kri in eastern Ilorin, 
where it occurs in pegmatites carrying quartz and muscovite 
but no tourmaline. 

In the Southern Provinces, the work of the Mineral Survey 
«jf Southern Nigeria showed the presence of cassiterite in the 
' sands of many streams. The most notable occurrences observed 
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are those near Akwa-Ibami, in the Uwet district, where the 
proportion of cassitcrite in the stream beds was found to be 
from 2 to 5-2 lb. per ton, with an aveiage of 3 lb. per ton. 
There was 'a small output of 35 tons of tin ore in the Calabar 
Province in xot(> 

Nvasaiaxd. A few of the concentrates from river sands 
examined at tin- Iniperial Institute in connection with the 
Mineral Survt y of Nyas.dxnd Were found to contain small 
amounts of cas-tU 1 ite,’ but no deposits of economic importance 
arc known 111 the Protectorate. 

Rhodksia.--P romising deposits of tinstone occur in the 
Enterprise district, east of Sali-biny, and farther south in the 
Ndanga distiict, .1.0 or .|o miles e.mt of Victoria. In both locali¬ 
ties the me oecuis in pegmatite dykes; which are more or less 
greisenised and travelse ancient siliisto-c rocks in the neigh¬ 
bourhood of granite l.ithia-mica, hpidolite, is abundant in 
the tin-bearing dykes, ,uid, with its striking purple colour, 
forms a useful lmiiratoi The i us-utci ile is patchy in its dis¬ 
tribution ; it i. dull black m colout and, in the Victoria field, 
shows unusual a ysl.illine foims West of Uintah, alluvial tin 
is reported in tln-Odzi Kesei ve and along 1 lie Tsungwesi River, 
and the lithia greisi nsof the former locality yield tin, tungsten 
and tantalum minerals In the Ilaitley district near the 
Umniati River, eassiteiite occurs with nipper ore in chlorite 
schist, and tin-bearing pegmatitedyhesan known in the Mazoe 
and Shamva disfilcts No lin-lieanng alluvial deposits have 
been discoveied, though there are considerable amounts of 
shed tin in the vicinity of tin dykes Some development work 
has been done on the more pionusing lodes in these districts 
since the fust discovciv of tinstone in 1908, and 9 short tons 
of ore was exported in 1915. while the Secretary for Mines 
reports an out pul of j-0 g shoit Ions oi tin from the Victoria 
disti k t in The high woi king costs are a serious obstacle 

to the successful extraction of tin ore in Rhodesia. 

Union ot Sou in Africa (lor South-West Africa see p. 92). 
—The chief tin-mining districts in South Africa are the Water- 
berg area, in the western Tiansvaal, and Swaziland (p. 55). 
The Cape Province also produces a little tin, the total output 
from 1906 to the end of 1017 being valued at £49,817, against;, 
a value of £3.2211, 753 for the 1 ransvaal. 

There was until recently no tin-smelting industry in South 
Africa, and the ore, which was formerly exported to England," 
was later sent almost entirely to the Straits Settlements, In 
1917, however, smelting began at Zaaiplaats, and these works 
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South African imports of tin are given in Table 31. The 
country’s requirements are small, and have hitherto been 
supplied almost entirely by the United Kingdom, Imports of 
tin plate fell from 4,458 tuns in 1915 to 2^ tons in 1917, and 
the imports of tin manufactures vary in value between £30,000 
and £50,000 a year. 

Cape Province — Cassitcrite occurs in several localities in 
the neighbourhood of Cape Town. The most important appears 
to be at Annex I.angvci waelit, near Kuils River. Here it 
occurs disseminated through a granite, and also in veins of 
quartz and greisen near the junction of the granite with the 
Malmesbuiy slates, olfranute arid tourmaline are associated 
with the cassitcrite, and considerable deposits of tin-bearing 
gravel have been formed by the disintegration of the rocks.' 
The tin ore produced in 1916 was all obtained from these gravels, 
while a certain amount of development work has been done 
on the tiu-beaiing lodes in the neighbourhood. Stanniferous 
quartz veins also occur at Vredchock, at the north-west end 
of the Tygvl sberg, and in other places 

Natai . In the Umluli tm held, situated about eight miles 
east of Melmoth in the Knionjamni district of Zululand, a 
plateau of Walerborg sandstone has been cut through by the 
Uinfuli river and its tributary, the Ntimja. A small area of 
hotnbleride-scliists of the Swaziland System lias thus been 
exposed. Tile schists aie permeated by numerous veins of 
pegmatite ami aplrte, and cassilente oeems in the pegmatites 
in association with 111101, garnet, tourmaline, quartz and 
felspar. The cassiterile is sporadic in its distribution, and 
samples of the pegmatite assayed from a trace to 0-316 per 
eont. of metallic tin. ['inspecting 111 this district has so far' 
met with disappointing results. 

Transvaal.- 1 he Wat or berg tin fields in north-western 
Transvaal include the l’olgietersrust tin iiekl (Zaaiplaats, 
Eoodcpoort, Gioeiifontein, Solomons Temple, etc.), 'the 
Nylstroom tin field (Doornhoek, Kromkloof, Welgcvonden), 
the Warmbaths tin field (Zwartkloof, Klandsfontein, Witfon- 
tfin, etc.), and the Rooiberg tin field. All these localities lie 
on the eastern and southern margins of a geological basin,the 
central portion of which is composed of sandstones and’ con¬ 
glomerates of Upper Waterberg age, constituting the Waterberg 
plateau. Below the escarpment of these beds is a belt of. 
Lower Waterberg fekites with interbedded shales (and quart-- 
zites in the Rooiberg), overlying the Red Granite and th.Cr 
Norite of the Bushveld Plutonic Complex. Beyond the out-^ 
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'Crop of these lie the. Older Granite and the quartzites and 
dolomites of the Transvaal System. These older rocks, how¬ 
ever, are unconnected with the source of the tinstone, and 
the same may be said of the Karroo beds which overstep all 
these formations in the south-eastern part of the district, 
the Red Granite and the Tower Wntcibtig rocks are the 
important tin-bearing formations. In the Red Granite the 
cassiteiite deposits occur (a) in the form of roughly cylin¬ 
drical pipes; (h) associated with iuegul.it bodies of altered 
granite; (c) as illegal.ir di-si min.nium* m slightly altered 
granite ; (d) as impregnations along veil defined" lines of 

fissure; (e) associated with pegmatite and quail/. veins. In 
the felsitcs, shales and quart/iT s of the I .over Wnterbcig the 
deposits are found («) in tales ami imur 01 fi-s definite lines 
of iissuie, small veins, and haulers, and (/>) as nregular patches 
and pockets, often connecttd with tissnies or deteimmed by 
planes of stratification. Ancient workings, smelting places 
and ingots show that tin was cxtr.u t< <1 in this district at some 
unknown period in tin- past. 

The most important deposits in tin- I’ntgieu-rsrnst tin held 
arc situated on 1 in farms /anlplauts, Kfi ,n(it pmug, Gh lerifontein 
and Solomon's Temple. Tiny are distnlmh <1 along a well- 
defined zone in tie* Red Giamte, which -nik< - ni a north-west 
ar,d south-east direction and continues into Grot nvlci and 
Appingadam in one direction and \\\ Igt M.nden, Wclgelegen, 
and Grootnvier in the othei 1 hr- /one conns immediately 
below a coarse pegmatite i he usual type of deposit in this 
field is that of cassitriite-beuiing pipes, loughly circular in 
section, descending at varying angles mto the gianite in a 
general north-wester !y dirvet mu. 'I hey v.ny from a hwinches 
to 20 feet in diameter liny are v> ry eiratit m direction 
and variable in composition, and in some cases have been 
followed through 3,000 feet of iamilh.aiiom,. They usually 
occur in groups, and neighbouring pipes, may unite either at 
depth or near the surface. 1 he pipes sunn lime- show an outer 
zone of tourmaline-quart/, rock, which is usually not more than 
a few inches thick, the main mass ol the pipe varies from 
Slightly altered granite to an apparently homogeneous greenish 
material, which sometimes becomes extremely hard through 
secondary silicification. In the smaller pipes the cassiterite 
is fairly uniformly distributed, but in the larger ones it is 
generally more concontiated towards the periphery, and 
especially the lower portion, while in the central part it is 
less abundant or even absent. Cavities or vughs occur in 
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some of the pipes; they are lined with quartz crystals and 
contain also fluorite, galena, zinc-blende, arsenopyritc and 
ehalcopyrite. In addition to the pipes, several other types 
of ore body ate found, some of which show a flat and more 
or less lenticular form In one case there are several sheets 
of tin-bearing gi anile s, painted by barren lock Fissure veins 
and irregul.it masses <4 ,du ted tin-bearnig giunite also occur. 

The NylUiooiu tin mid is siui itei .1 on the tarius Doornhoek, 
Kioniklool, and \V< lg. wmli n, soim sixteen miles north-east of 
Nylstroom !h, pinnipal (hpo-u-. ale associated with the 
fclsitcs and shales ot ihe l.imo Wateibug. The main lode 
at I)ooi nlioek i in-- l hi In ,If 1111 plam ni the shales oblicpiely ; 
it avei.iqes iS im lies m width, and is laigely made up of 
breeciated ami iiiqhlv ,dtei, ,| tiaunenis oi the country rock, 
with ipiait/, t"Uiiii.iliii, . i as-ttri ite and ilmuite. A second 
lode toll, i\\ s , 'Hi' o| lin ei.u-i! beds in t lie shales, which also 
is nine'll alter •.! and . . . . In live mum < 1 iat* neighbour¬ 

hood of these led, , the -li.il, . s,uni turns Tiow minute veins 
of cassitente. \ s||.,11 dist,uue below tin base of the shales 
tin- umlei lying lei -Hi s , ai i \ i .issitei lie, assi« lated with quartz 
and h;eniatite, m small porl.i is limn 1 inch to r| inches in 
diameter, while otln i pm k< l , < oiit.un touiin.ilme with quartz 
and set u me mat tel 

The Waimh. iliis tin held extends tioin Zwartkloof through 
Droogekloot, hi.imist,>ninn mil Newbury to Witfontcin and 
thence muthwaid to Khenosteipooit, forming a narrow belt 
wliicli tollows the )ittu tiou ot the lelsites and the Red Granite. 
Cassitente occuis in both types ot nick, and also in detrital 
deposits \t Zw.utklool the me bodies are somewhat irregular 
and ill-delmed , tliev onair in the gi.uute and are frequently 
associat' d with ni.i scs and veins of verv coarse pegmatite 
and quartz. Alim ul and eluvial deposits occur on this farm. 
On hlnmlsfoiuein No lySc, theie .lie two main sets of fissures 
ill the granite, and the ote bodies associated with tliem vary 
in width timn a few indus to a or j feet. I'issure lodes also 
occur in the lowei part ot the felsites On Witfontein No. 371 
the alluvial deposits have proved more important than the 
•occunences in the gi.uute and felsite. All three types of 
deposit occur also on FTundsfontein No. 2,149, and small 
quantities ol tin have been won trom the granite on Rhenoster- 
poort. 

The Rooiberg tin lieUl lies about 40 miles west of Warm-’ 
baths. 1 he cassitente deposits, with the exception of one 
occurrence in the Red Granite, are all found in the Rooiberg, 
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quartzites, which, with the associated shales, are overlain 
with apparent conformity by the Lower Watorberg felsitcs, 
while both types of rook are intruded by the Red Granite. 
The workings are principally on the (aims Olievenbosch, 
Hartebeestfontein. \Ve\nek, (.hiaggniontcin and l.ecmvpoort, 
and many of them are on the site of ancient workings. The 
lodes in the quartzites coincide with two mam sets of assures, 
and there are also irregular pockets m the cmmtiy rock rich 
in tourmaline and cassitoiite. Other nnmi.ils frequently 
present are quartz, caibonates of lion and lime, felspar, 
fluorite, hematite, pynlc, chaleopyjite and boimte. Super¬ 
ficial deposits of Imiomtie bicuw, known as " ou'-klip," are 
occasionally itch in tin. < >n Ouaggafuiitein, < .v.-itente occurs 
in the upper portion of the Red t.ramtc. 

Forty miles noith-ea-t of I’irtonn. e.tssilente oicms ill 
the Red Granite on the Finns of F.ukildoin, Makl.iagtc and 
Roodepoortje. 

On the OHfants River, tin ore is won at Mtilue hides and 
Stavoren. A coiiMdci.tble amount of si heelite is piesent in 
the Stavoren oie, and dills lifts ha- been expeiieneed in 
disposing of tin tin tungsten iniiMiitiate, stin e seheelite 
cannot be separatid magnetically. a-, ran v. olfi. unite, 1 he 
Swaziland tin deposits cross the bnidei into the K.istern 
Transvaal, but are not at piesent winked tin to 

SWAZI!.\M) 

Tnhtc {J 

Output of Tin Ore in SwaziUmd m the Yemi ending Minch 31, 
ion 17 
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There are two tin-bearing districts iti North-Western 
Swaziland, viz. the alluvial deposits of Mbabane fKmbabaan) 
and the surrounding country, and the lode- round Forbes Reef. 

The detrital deposits occur as " flat' along the course of 
the Mbabane and other rivers, and to a less extent on the 
hill slopes. At King's Flat, to take a typical example, there 
is a soft Overburden of about 12 feet of dark soil, which carries 
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little tin. Below this lies 2l feet of coarse tin-bearing gravel, 
composed largely of fragments of quartz up to 3 inches across, 
which rests on the granite floor of the valley. J he cassiterite 
Occurs in the gravel as loose crystals, but occasionally in 
boulders of pegmatitie rock ; it i» associated with other 
accessory minerals of the granite, including ilmenite, monazite, , 
euxenite, a-schynite, (oiunduin and tourmaline. The cassi¬ 
terite is evidently derived from the pegmatite dykes and 
quartz veinMs m the granite. \\hit'll In longs to the Older 
Granite and not (lie Red i.iamte of the Waterberg tin fields. 
The niineial lias been seen in many of these pegmatites, and 
at Sanders (reck a dyke of dec ompn-ul pegmatite yielded 
consider aide amount > when worked bv hydraulic methods. 
Since rqi_>, li\<lianlu oper.itions liave proved most successful. 

A race i.( miles long bungs water limn the Umbelusi River, 
which, together with local sirpplies, is used three times over 
in monitors to bleak gnmud at dilierent levels, and also 
generates power for elevating the material it has already 
broken. 

Forbes Reef is situated some 1 j miles noith of Mbabane 
on the east side of the Inguenva Range I his range is formed 
of quart/rtes and siliisls of the Swaziland System, in which 
are intrusions of the same gi mile as at Mbabane. In one 
case the tin occurs m a d\! e 111 tire schist, 2 to 3 feet wide, 
composed almost entirely of white felspar with patches of 
chlorite and 1 as-itn ite. More usually the veins follow fissures 
parallel to the --trike of the schists Along these fissures the 
schist is tin-bearing over a width ol about 3 inches. 


A Ml-Kiev 

Canada- At New Ros-, Lunenburg County. Nova Scotia, 
a quartz vein in granite carries a streak of rich ore from 3 to 
5 inches wide I lu- contains cassiterite and chalcopyrite, 
with tungsten and zinc minerals, and assays from 10 to 30 per 
cent, tin and <S per cent. Copper. Pegmatitie zones in the 
granite also contain cassiterite. ,, 

Tin and tungsten ores occur on the south-west branch of . 
the Mnamicln River. New Biun-wick, and cassiterite has also 
been recorded from several localities in British Columbia apd ■ 
from the Yukon district. A sample of black sand from sluice 
boxes in the Atlin district of British Columbia is said to have » 
assayed (>71 per cent, of tin. 

There is, however, no production of tin ore in Canada, 
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Years ending December 31st, 1910-13. f Years ending June 5<-th. 1915- 





Table 36 
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-' * ' , 
duced Considerable quantities of tin ore. In 1907 the output 
was about 14,000 tons of ore, and the Commonwealth ranked 
■ fourth among the world's producers, but since that date the 
output has diminished. All the States contribute, with the 
exception of South Austialia, and 1 able 34 shows their shares 
in the annual output 

flie total value of the Commonwealth output up to 1916 
amounted to about {35,000,000, of which Tasmania con¬ 
tributed {13,000,000, New South Wales {10,500,000, Queens¬ 
land {9,000.000, Western Austialia {1,200,000, Victoria 
{800,000, and the Not (hern Territory {400,000. 

Ihere aie !m-smelling works at Launceston in Tasmania-• 
Woolwich, near Svdnr\. New South Wales; and Irvinebank’ 
near Herboiton, Quern-land 1 he metallic tin is exported to 
the United Kingdom, New Zealand and other countries. 
An inci easing proportion ot the ore produced is, however, sent 
to the St 1 aits Settlements for smelting. Tables 45 and 36 
give details ol the ore and tm expmted. The reduction of 
the exports by ov.-i so per .rut. in the year 1914-15, as 
compared wit a mi 5, was due pa 1 11 v to the war. partly to' the 
eflei t ol the diy season which inteifried with dredging opera¬ 
tions ; and a cmisideiuble lernveiv is shown in the figures for 
1915-1(1. 0 


lhe imp.,1 is of tm into \usti.dia, as shown in Table 37 
are very -null, hut (line is a large amount of tinned plate 
imported cluedv limn the United Kingdom. The total 
lmpoits of tinned plates and sheets into the Commonwealth 
m the \eai ending June 50, 1917, amounted to 823.340 cwt , 
valued at {1.53,0,0 9,. J 
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New South Wales.—T he total production of New South 
‘Wales, from the beginning of the industry in 1S72 up to and 
including 1917, is 82,904 tons of tin and 33,007 tons of tin 
;Ote, of a total value of £10,963,004. The output of ore in 
recent years from the principal fields is given below. 
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The metallic tin produced m New South Wales is smelted 
at Woolwich, near Sydney, and the ore expiated goes mainly 
to the .Straits Settlements. 

Tin deposits are widely distributed over the State, but 
the most important are situated m the north eastern part, 
with Emmavillc and 1 mgli.i as the ducf centres. All the 
localities mentioned in the above table ate in this quarter, 
with the exception of Ardlethan. 

Tin-mining began at HKmore, near Inverell, in 1872. 
Here the cassiterite occurs as crystals disseminated through 
granite and greisen, and, on the decomposition of the rock, 

, has become concentrated in surface deposits It is associated 
in these deposits with some wolframite, and also with carbonate 
of bismuth. The wolframite is derived from lodes which 
. Cut the granite, but do not appear to be -tanniferous. 

" ! In tire surrounding district shallow alluvial deposits were 
soon discovered, and for the most part worked out, as at 
Newstead, Stannifer, Tingha and Stanborough. 
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Cassitcrite was found abundantly in the bed of Cope’s 
Creek, and also in the alluvial flats bordering it. At Tingha, 
on this stream, dredging for tin was commenced in 1900 for 
the lirst time in New South Wales. In 1912 two-thirds of 
the total output of the State was furnished by dredging plants, 
of whi< h there were thirty-live of the suction-pump type, 
and only four bucket-dredges. 1 o the end of 1917 the dredges 
produced t.S.N^.j tons of concentrates, valued at £2,078,778. 

It) addition to recent and Pleistocene superficial deposits, 
there are in the I inglia-lnvcsrell district Eocene alluvial 
deposits of similar origin and containing cassitcrite derived 
horn the same gianilic rocks, i host* old valley deposits, 
known as deep leads, were buried beneath sheets of basaltic 
lava, the otitpouinig (| f which was ureompanied by eruptions 
of volcaiiii ash now altered to b.oixile lire Klsmorc Valley 
Lead is an example ; there a re th 1 ee beds of wash-dirt, to l feet, 
1.' fret and I loot thick, worked by a mine 225 feet deep. 
I lie New stead bead was worked troin its outcrop, and found 
to deepen gradually nor thward to a depth of 1 p , feet or more. 

Near the pnutmn of ( opes ( reek with the Gwydir River 
there ate sevri.il lulls of basalt overlying a lertiary stream- 
di'posit. Ibis is worked for diamonds, which are small but 
numerous, and air a< eoe.ipanied by topaz, sapphire, zircon, 
tourmaline, lhnrnilr, magnetite, spmel, cassitcrite, etc 
Although not m sulhurnl quantity to pay the whole cost of 
extraction, the tinstone forms a valuable by-product of the 
diamond washing 

1 he Emm,iville or \ egetahle Creek district is some 40 miles 
to the north east of Invoicll and I inglia, with similar geo¬ 
logical conditions ||m oldest sedimentary rocks at Emma- 
vilie are bluish-grey claystones of Carboniferous age, which 
have been intiuded by tin-bearing granite and by quartz- 
felsites and (Ironies I here are lertiary allucial deposits 
covered bv sheets of lava and volcanic ash, and also post- 
Tertiary st 1 c.un-tfr posits. 

Ot the last type. the most productive was that of Vegetable 
(.reek. 1 lie upper 5 miles of this stream are stated to have 
yielded 15.000 tons of cassitcrite between 1872 and 1884, 
the area worked being about 150 acres, and the average depth 
of gravel washed about 2 feet 6 inches. C atarrh Creek also 
contained important shallow alluvial deposits, and there are 
numerous smaller occurrences in the district. 

Of the lertiary alluvial deposits some are still capped by 
lava, and in others the lava has been removed by denudation. 
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The most important deposit of the latter class is at the Y 
Water-holes. It has an area of r.ioo acres, and its average 
depth is about 20 feet. The deposit consists of current- 
bedded clay and sand, the richest ore occurring in the lower 
part and the next richest at the lop. where the tin from 
denuded material has been concentrated. Scrubby dully, 
Surface Hill and Ruby Hill aie other examples o! bare Tertiary 
deposits. 

Of the basalt-covered Tertian Tad- 111 the Emmaville. 
district, by far the nm-t important }-• the Vegetable Creek 
Lead. In portions of its mur-e there are two distinct flows 
of lava, each overlying a bid • >1 -tumuli 1 on wa -11 dnt. 1 lie 
old stream had two main tiibutuiii- gning 11-e to the Rose 
Valley Lead and box's Deep la ad Ihelatlii. at it- junction 
with the Vegetable ( leek Lead, wa- shuck at .'|/>, feet from 
the sutface. and is the <h ep< -t h ad wmkul in the Knmuville 
district. At Bailee's Mine. Rose \'allev. a -t.mmietmis alluvial 
deposit is overlain by a fd-p,it porphvir, the only known 
instance in Atisttaha of a deep T ad ht.ne.ith an arid lava. 

To the south of Vegetable ( nek I a ad 1- the (iiuvevard 
Lead, and the two lead- piobabK untie about 6 miles west of 
Emmaville. l-’inin tin- point u-lupol ba -adt 1 o\ eted eoiintty 
runs notthwaid to Kang,non Hat and \u a wheie stanni¬ 
ferous drift has been woiked, and it 1- ptnluble that the lead 
will be found rich enough to be woiind in intermediate 
localities. 

Farther west, are the Spring land. RSshl.v 1 ml, bead and 
Ruby Hill Lead, arid to the east 1- the Wellington Vale Lead, 
near Deepwater. 

Lode-mining for tin ha- In m lanmi on in the Tingha 
and Emmaville di-tnet- 11 m Tub- on hide lo-ure-veins, 
joint-veins, pipe-vein- and *§n< kwotk**, and 01 cur chiefly in 
granite. The associated minerals an - quail/. fel-par, chlorite, 
mica, arsenopyrite. pyrite, fluorite, touimahne. wolframite, 
galena, clialcopynte. bismuth, nmK hdenite, vr-uvianite, 
Stilbite, htematite, pvrriiotiic, mang.me-.e, m heehte and betyl. 
In most of the veins the ore shows a tendency to run in shoots 
inclined to the plane of the lode. '1 he largest veins are the 
Ottery, Dutchman, Butler’s and Curnow’s vein-, all of which 
are from 3 to 4 feet wide. Pipe veins are ft peculiar feature of 
both the Tingha and Emmaville districts, i hey usually 
occur at the intersection of joints in granite, and ate circular 
or oval in section, and up to 4 or 5 feet, in diameter. They 
cpnsist of quartz, felspar and chlorite, with disseminated 
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cassiterite, molybdenite, wolframite, etc., and pass gradually, 

into unaltered country-rock. 

Still farther to the north-east is the Wilson’s Downfall 
district, which may be regarded as an eastward extension of 
th(' Sf.inlliorpe tin field of Queensland. Shallow alluvial 
deposits have been wanked in the Ruby, Maryland, Herding 
Yard, (Ymeterv. Wilson's Downfall, Wylie, Two-Mile and' 
Bookookooiaia ('reeks. 

In the Lachlan mining district, in the southern part of the 
State, is the iiupnit.int tin held of Ardlethan, about 40 miles 
west of Teinofu, It was distovcicd in rcyr-i. Here the lodes 
traverse gi,uiit<- and schist, and iisuallv consist of greisen or 
qu.u t/,-toui maliue rmk I opaz is sometimes abundant, and 
thi' cassitenle is ,tsso<ialed with bismnthinite, molybden te, 
wolframite, el 1,1 tofjn rife, ar-enopvi ite, eeiiissite, pyromorphitc, 
and zinc-blende. A bvdiows arsenate of copper and iron is 
often present 

Among other localities in the central and southern parts 
of New South Wale, may be mentioned Mount T alia bong, (he 
Lachlan Valles, I'.uiia Ionia Maud.mail, Albury, Jingellic, 
Germanton. I umbai unib.i, Wagga Wagga, Bungonia and 
jindabyne 

In the Bairiei dhtml. re the extreme west of New' South 
Wales, tin ore on urn at 1 'iuiowie and Pool.unacra. At 
Euriowie e.issileute 1- tmind in < namely ervstallinc dykes of 
granite and givisen ttaversing gneiss and mica-schist. The 
dykes are usually from i to zu leet thick and terminate abruptly 
with rounded ends Work in this field has been greatly 
hampered by scarcity of water and distance from any railway. 

Small quantities of finely divided cassiterite, associated 
with zircon, garni I, ilmcmte, nmna/.ite. gold and platinum. 
Occur in some of the shore sands, notably between Byron Bay 
and (laremv Head, and 111 lesser quantities between Port 
Macquarie and Cape Hawke near Seal Rocks, and at<Shell- 
harbonr. IVrmeil etc 

Native tin has been iceordcd in washings from the Aberfoil 
and Sam rivers, nm.it Oban, m grains from 0-1 to I mm. in 
diameter. More interesting economically are the considerable 
quantities of st.mmte at Howell (Bora Creek), near Inverell. 

1 his mineral also orurrs at I'ohvong. near Bungonia. At 
Howell it is assmutul with galena, zinc-blende and arseno- 
pyrite, and at folwoiig rhietlv with arsenopyrite and some 
, cilakopyrite, galena and zinc-blonde. Ore from the Conrad 
- Mines at Howell was found to contain about 9 per cent, of 
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tin, 3 per cent, of which was present as a residue unattacked 
by all reagents and duxes with the exception of potassium 
cyanide. To this residue, which is said to have the appear¬ 
ance of fine garnets and a composition expressed by the 
formula 7Sn0 2 • NjyOj, the name emradtle has been given. 

Northern Territory, The pioduction of tin me, in the 
Northern Territory is small in compauson with other Aus¬ 
tralian States, averaging about ipo tons a year, but this is 
partly due to the undeveloped state of the country. The 
concentrates are sent to Suigupoie tor smelting. The output 
in recent years has been .is follows 
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of quartz or pegmatite dykes intrusive in a shear-zone in 
chlorite schist, and may expand when followed into the granite., 


I >.*!v Kivcr 

'I Ur St Mi- 
lh id-n \ lib x 
‘ I mbj.iw ui.i 
Maiv I i 1 Vt r 
J str.i\ ( reek 

j l*:n< < 1 <:> k 


*J «<tctl tuns I 
\,iluc. t ! 


*0 

f \ 22 ,tf f At 


1 


* 7 ”t 

,noi 




66 SOURCES OF SUPPLY OF TIN ORES' 

Systematic development has, however, been neglected, and- 
the mine is worked by Chinese tributers. 

At Horseshoe Creek the lodes also cut chlorite schists. 
Here, as in other parts of the Territory, the Chinese miners 
have followed lodes down to the water level and then abandoned 
them, or picked out lidi pockets without attempting to trace 

them to 1111 lieu deposits 

What appears to be an important tin field has recently 
been developed at Mai.uibov, at the heads of Beswick and 
Providence Creek in latitude i | ..’S' South, longitude 132*49' 
Fast It is about miles east of Katherine, a station on the 
Ovei land 'I olograph Line The lodes occur in pre-Cambrian 
(nil's overhung gi.inilo. and consist of replacements of the 
tufts, in which i.is.ih tit., is associated with tourmaline or 
with quart/, and dilonte On the neighbouring King River 
eassitciite minis in a quartz-tourmaline vein in tuff. 

ilu\es 1 lock and Ruin Jungle are other localities in which 
tin ore has ref rnllv U en found 

yiU’.l’.Nsi .vm> I in mining in < Queensland began in 1872 
with an output of iqog long toils of ore, followed by 8,938 
long ton-, in 1S7 ; I he bitter liguie has never been exceeded, 
and the total output to the end ,,f rqt; is 1.} 1,725 long tons 
of ore valued at (0 1 ,0 o | ; Hie billowing table shows the 
output of the dilli rent Helds 
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All the tin fields are in the northern part of Queensland 
with the exception of Stanthorpe and Nanango, which are 
near the southern border. 

The Herberton and Chillagne tin fields an; situated to the 
south-west of the poit of Cairns, with which they are con¬ 
nected by railway. I lie Iletbetton Field is traversed by the 
main dividing lange ot Queensland, while the llerbeitun 
Range on the eastern border pi events easy access to the coast. 
The rocks aie slates, schists and ipi.ut/itis with intrusions of 
biotite or hornblende gianite. c.i.inii>’-pniph\iv and quartz 
felsite. Elvan d\k<s pemtiate bntfj the pluiomc risks and 
the altered sediments, '[lie im lode- m 111 an angular 
manner. The hxle mate!la! a- a mle unig. s ei.nlu.dlv into 
barren country rock, and vai"-s tiom unalteud granite or 
quartzite to greiscil and rhloiitn m k.'.ohiue matt muL 1 lie 
cassiterite is often aanmpannd bv topaz. ihiofitr, tommaline, 
wolframite, bi'iiiiitliiuite, antuiiumte. guFn.i, 1 ha!eop\ 1 it <• and 
magnetite. Allu\ul tin was m-i waked in this district in 
1880, and the disrovt r\ >>l lodismui 1 lerbeiton and \\ aWm- 
ville soon followed livmeb.mk, Kooiln.ttii.i, wtannarv Hills, 
Sunnyrnount, and Xcwilllen are otlm wnp"itaut lode mining 
centres in these held-; 

Farther north, in the Annan Kivoi tin tield, • • .111 li of Cook- 
town, the output C almost intuelv -tieam tin, although 
lodes have been worked to -nine 1 \t< tit 111 .1 gi. isemsed granite 
near its contact with -laie the distiut is one of rugged 
mountains, but the streams draining westward into the Annan 
River are held up bv bam of hauler n«k. giwng rise to an 
alternation of cascades and quiet irailnS in wlm h extensive 
alluvial deposits occur ( a-itente 1 ■ a!-o found in alluvial 
terraces above the present stieam F veb, and 111 stiperljcial 
deposits on the hillsides below tltg gourde -late contact. 
Some of the deposits have h.en woiked ioimnuously for tin 
since the opening of tlm lield m in\s lo Ining water to the 
higher terraces. laces had to be eon-inn tid. often several 
miles in length ; water supply is a most important factor in 
many of the Queensland fields, and a dry season leads to a 
diminished output of tin. 

At Lode Hill, on the Rlonmheid River, Cook town district, 
the greisenised granite ha- been decomposed to a considerable 
depth. It is removed by bvdraulu mean., and is stated to 
yield on an average i\ lb of tinstone per cubic yard. 

In the Stannhills tin Field, near Croydon, cassiterite occurs 
in veins in granitic rocks, and is associated with chlorite^ 
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quartz, pyrite, galena, zinc-blende and cbalcopyrite. The 
Desert Sandstone, which overlies the granite and forms isolated 
flat-topped hills, is stanniferous in places. Alluvial deposits 
have been worked, but these are not extensive and are of less 
importance than the lodes. 

The Kangaroo 1 i ills tin held, about loo miles south of 
Herbert', n, produces hide and alluv ial tin. Lodes have recently 
been discovered at Watercress. 

Still farther south, nr the Charters Towers district, a certain 
amount of lode-mining for tin is carried on, but the industry 
is quite overshadowed bv the gold production of the district. 

In the Stantlioipe district, near the New South Wales 
bolder, the Inst discovery of tin ore in Queensland was made 
in rS'/a. lire alluvial deposits arc still yielding good returns 
to hydraulic methods of extraction, and there is a little lode- 
mining, especially nr the Ballandcan portion of Ore district. 

Cassiterite occurs, associated with gold, platinum and 
monazite, in the ahoie sands near (Tirrutnbin Creek, in the 
south-east ol Queensland. Similar deposits are found on the 
coast of New South Wales. 

South AusIK.vi ia. ( a—iteute has been found in tire bed 
of a lake near Kan -a 1 lam, about .jo miles south-east of Tarcoola. 
It oceius ill decomposed giamtv dykes and quaitz veins, and 
in the supeilicial deposits. 'Hide has been no production of 
tin ore. 

I' asuan i\.- -The me is smelted in reverberatory furnaces 
at Launceston, these furnaces yield metal assaying go to 
95 per cent. tin. wlii< h is subsequently relincd to an average 
purity ot (|()\8q per cent. 

The principal mine in the Northern and Southern Division 
is the ShcpUml and Mmphy, near Middlesex, otherwise known 
as the lhsiiuith Mine, the lodes appear to be connected with 
a Devonian giamte intrusion, ami traverse (x) sandstone or 
quartzite, (a) lime-silicate km k resembling the Swedish "skarn” 
(see also p. tb|), which consists of garnet, pyroxene, and 
magnetite, these rocks arc roveied by Tertiary basalts. 
'I he lodes contain quaitz, tluoiite, topaz, beryl, a greenish’ 
hydrated mica and monazite, together with cassiterite, wol¬ 
framite, bisimithinite, native bismuth, molybdenite, chal- 
copyrite, pyrite. atsenopx rite, and rarely galena. Scheelite, 
bismutite. raleite and stilbite also occur, fhe tin, tungsten 
and bismuth minerals are of economic importance, and occur 
in the mill concentrates in approximately the following pe^ 
centages : cassiterite, 53 ; wolframite, 30 ; bismutjiinite, jr,;. 
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'the remainder being pyrite, magnetite, quartz and fluorite., 
The concentrates are treated at Launceston by Wetheriil 
magnetic separators. These give a wolfram concentrate 
containing 70 per cent tungstic acid and 07 per cent, tin, 
and a non-magmtie product containing 56-3 per cent, tin, 

8 per cent, bismuth, and 07 per cent, tungstic acid. This 
product is ‘iluppcd to England, whom the bismuth is extracted 
and the ic'idue smelted as a tin oie. The Wetheriil separa¬ 
tions of mill c.inceiitian ■. lioin the deeper, unoxidised ores are 
carefully masted and again passed tluuugh the separator to 
eliminate the pvute and other minerals which are sometimes 
intimately mixed with t|n- valuable ores. 

1 he c hie! output ol tin ore 1 nines iiom the North-Eastern 
and Norllt-Wesirm 1)1x1-1011% In the former are the Pioneer 
Mine, which pmdn. ed .|i>,s ions ol ore in njt_>, and the Briseis 
(Derby Distant) with 53N tons in the same year. Both these 
mines an- on the k’liigainumn Diver and work deep leads. 
At the Pioneer the oveibmden is pi hot Buck in places, and 
Consists of cemented mateiial whn.li has to be blasted. The 
Biiseiswas discovered 111 !N;\: lloio tins cassiterite occurs 
iu a corn so q 11.11 tJ* yand o\.-ilam In a sln-et ol olivine-basalt 
which is generally -0 Uctomposi-d as to be removable by 
hydraulic methods Uatei I1.1- been bought from a distance 
of over 30 mile-, and ta.eutlv the uver and main road have 
been diveited 111 mdei 10 i-olloa the lead across the old river 
channel. 

At tiLuKtoiie, luuei down the Rmguroonui River, alluvial 
and lode Workings yield tinstone, often associated with gold 
and woltrani. I he lodes ou ui near the junction of the Mount 
t anieton goitule with I’alan/oie Mates; and the alluvial 
deposits Jiave bieii 111 part re-distributed by marine action 
during .1 uifiiparatively recent depression of the country 
beneath the sea. 

In the Eastern Division the Anchor is the chief mine in 
the Blue tier distinl. I he lock worked is a tin-bearing 
granite averaging 1 per tent, cassiteiite. 1 he biotite of the 
ordinary Blue I ier granite is attend to muscovite and talc, 
much of the lel-par is k.uilini-ed, and cassiterite, wolframite, 
scheelite, lluonte. pvute. molvbd-'nite. galena and chalco- 
pvrite occur, harthei soulh, in the Ben Lomond and Avoca • 
districts, tin lodes occur m granite. Ihe overlying grits and 
conglomeiates of Peinio-t arbonifemus age contain water-worn ; 
fragments of the granite and of quartz and cassiterite, and 
form one of the most ancient deposits of detrital tin hitherto"- 
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recorded. In the Scamander district cassiterite and wolfram¬ 
ite occur in lodes. 

The North-Western Division contains the most important 
tin mine iri Tasmania, the Mount Bischott, which piodueed 
I,no tons of ore irt rgi„* 'I he nunc was discovered in 1871 
and the output to the end of iqj.| w.i. 7Z.500 tons pi <it0. It 
is situated .(5 miles from the north coast at hum Bay Mount 
Bischott consists of coutottcd -lat\ locks tiavct-ul by dvkes 
of quartz-poiphny. while the siiiioimduBf plains aie largely 
formed of sheets of basalt 1 lie pm plan d\kes e.uty topaz 
and cassiterite, and there are lis-me veins eontuisiuig eassi- 
terite. pvrite, arsenopwite, lluortte, wolliatmle, tounnaline 
and siderite. Di'iiUegiation ot the- -sl.it\ lock;- has given rise 
to extensive tesidiul chpo-ny jn win* li the eas-.iteiite is con¬ 
centrated, known as the Blown 1 ace, White 1 -ace, etc., and 
small alluvial deposits also or. Ut 

In the Western Division is the North Jhmdas tin field, 
including the Kent-on Bell DuaJnoiighi llouldei and Montana 
mines. Here the Durida- .-slaty- wei e 1 ut. prohahly in 1 )(vouian 
times, by dikes of quart/, porplivtv and base igneous rocks, 
and bv various t\pc- of veins In -oine of flu- veins cassiterite 
is associated with quartz and tounnaline. 01 with quartz alone, 
in olheis with sulphides. Of the?*' pvrrhotiie is the most 
abundant, though pwile is often pn-eiit in huge amount, 
and arsenopyiite, ehalcopvrite, galena and znie-blende are 
usually seen. Quartz and dolomite are flu ehn-f ganguo 
minerals, with smaller amounts of tourmaline, chlorite, cpidote 
and fluorite. I he alluvial deposit (oiitani cassiterite and 
chromite, with tiuces of gold and o imndium. 

Immediately to the ea-t of the Noith Dundas field, iri the 
X River district, tile wine types of lode- m.eui. 

In the Zeehun field, nearer the west <ha 1, a variety of veins 
are found, some of wlinh carry tin Both cassiteiitc and 
stannite are often present, as-01 i.ited with pynte, chaleopyrite, 
bismuthinite, tetiahedrite. wolfiuhute, galena, quartz, tour¬ 
maline, siderite and fluorite 

In the Heemskirk district the primary' tin deposits are 
. veins in granite and the overlying slates and sandstones. 
Quartz and tounnaline are the usual vein minerals. An inter¬ 
esting occurrence is an irregular pipc-like body at the Federa¬ 
tion Mine. This was followed for a distance of 115 feet, and 
its cross section diminished from 25 by 15 feet near the surface 
to 5 by 1 feet at the deepest point exposed. The pipe con¬ 
sisted of soft greenish-grey material resembling pinite, with 
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abundant cassiterite and pyrite, and these minerals, together 
With quartz and tourmaline, occurred also in the surrounding 
zone of altered granite. 

The tin lodes of the Stanley River and Mount Balfour 
districts are similar to those of the Jleemskirk and North 
Dundas tin fields. 

Victoria.- V ntoi ia lias a low output of tin ore as compared 
with most of the other States in the Commonwealth. The 
localities pioducing ore tn iceent years are given below :— 


Tabic ,|j 

Output of I'm Ore pi Victoria 


Bcfthvvmtlj . 
Chilkrn 
J Mrs its ( iot k 
Kklor.uln 
llskfldlo 
t * Ion W ills . 
Knotting 
Lightning ( i. ok 
Mjtt.i Muf i 
Myrtlofuni . 
Kuthcrglou . 
Sunn\sitlo 
Survovt'i 7 I'm k 
Tall.irultiwn . 
Toora . 

Walwa 


III tolls ' J, J | 1 


1 b I 1 

< i " • s 


I | i‘D5 ■ I'lib | 1917 

; 1 I J 5 t | n 
b’ } 


4*5 


J ‘2 

i '5 

375 

■ 3*5 


'Vot.,1 

Value 


■> .'Is 

M . i S 


V 1 1 11 /, I --2 j t 

I ."Vi . -mi; i -."55 | 10.70-j 


Most ol the \ ictori.m tin ore is fiom alluvial deposits, many 
of which >ield both eassiteiite and gold. Stream tin occurs at 
Glen W ills, Iteei hwotth. hklorado, t hiltern, Stanley, Ruther- 
glen, Koetong, and t udgew.i. in the North-Eastern District; -■ 
at Joora, 1 in ( reek and Agnes River in Southern Gippsland ; 
near Bruthen in Eastern (.appsland ; at Gembroolc, Neerim, 
Darnum, the Bntnip and 1 arago Rivers in Western Gipps* 
land; Upper \arra, and other districts. Tin-bearing lodest, : 
some of which have been worked, are known at Mount Cud* ■ 
gewa, Mount Wills, Pilot Range, Mitta Mitta, Eskdale and - 
I allandoon in the North-Eastern District, and Mount Singapore 
on Wilson’s Promontory, in Southern Gippsland. 
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Western Australia.— The most important tin fields of 
; 'Western Australia arc those of Greenbushes and Pilbara, 
which have produced about 0.700 and ^.joo ions of ore respec¬ 
tively to the end of In ti)i 5 a small pioduetion was 

reported at Murchison and 1 oolguidie, and other occurrences 
are known in the Kimbeiley dMiict and on the I homas River 
in the Gascoyne valley flic output of black tin reported 
to the Mines llcpnilineiii during the vests loir to i<)i6 is 
given below. 

r.dii, 4 .) 

Output of Jin On- ni 11 Vs/,7 a Aiistrolui 

I M Oo • ' - ' 1 61! 


1,1. i',Ui HJO. 


CrrenbushtsMinot at I u- 1,1 
PilharaCohl Vid.l (Marble Har 
llistruf) . 1 , , t -, , |, 

MurdusunGolil Fid.lg m- Dr, 
trict) i , ... 

Coolgardie c.otil i-n-Itl ir.mi : 
gardie DistnU) ,,, 

T 0 l. 1 l , e.n, 

Value . . , ... , ' ,, 


•n-si -a: a. 'a 71 
v 1 , ,n.., 5i 1 s i-i 7: 


:o '.I 1 -• (S m-.i 

1 o I | ,,i ...,s 


I lie (ii'eenbushes distm 1 1- in ih, -oiith-west of the State 
Cassiteiite ‘irons in pegmatite and iju.ut/ toinin.iline veins 
and impregnations in granite I ins, is 1 oveied bv iatcritic 
alteration products, which in plans 1 ontam com entrated 
residual tin ore. this mateiial ti-ualh ici|uiics crushing. 
More important sources of tin me the alluvial deposits in the 
stream valleys. 1 lie neln st of tin so is in Spung (.ully, where 
an upper layer of sand, known as " lm tint," rests on stiff 
white clayey dirt. llie fount 1 is p.u tiuil.u ly uch in tin¬ 
stone. lantalile and stibiu-tantahte 1)1 cm with the c.issiteritc 
in some of these deposits. 

About twelve miles south of Gm nbmhe-, tin ore has been 
obtained at Nanntip or Nmthlield 
In the Pilbara district, m the noith-west division, tin ore is 
. produced at Moolyella, t ouglegong, Old Shaw (Kley’s Well), 
Green's Well, Wodgma, Stannum, and Mill s hind. At ali 
tliese localities the original source of the oassiterite is the 
pegmatite veins w liich travel -e granite and metamorphic rocks. 
At Wodgina, where, unlike nu,st other tin fields in the State, 
the output of lode tin has exceeded that of stieam tin, the 
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lodes vary from mere threads to masses over 500 feet in width 
and carry tourmaline and tantalito. At Moolyella the peg¬ 
matite veins consist largely of albite. From these sources are 
derived the shallow alluvial and residual deposits which, in 
most localities, have yielded the greater part of the tin 
produced. Tamable, mona/.ite, gadolinite and euxenite are 
occasionally found with the cassiterite in these deposits. 

At the King’s Sound Tin Mine. West Kimberley, narrow 
veins of quartz in a slaty lock contain scorodite. (hydrous 
arsenate of iion), with cassiteiite and wolframite in varying 
but usually small amounts. 

New Zealand. -Ilieie is no ptoduction of tin ore iii New 
Zealand. 1 able 45 shows the mipoits of tin, which is mainly 
of Australian oiigm. I he importation of tinned plate has 
practically doubled between lorn and iqiO, reaching 6,584 
tons m the latter ycai , the plate is mainly English, though 
increasing quantities have 1 ome 1 mm the United States in 
recent yeais. 

I ii bit- m 

Impart > nj I in into .\V,o ZraLtnit 

ill ■ s I ft I 4 II) 1 


Count Tirs nlmur 
InijEiitcd • 

United Kingdom . 
Australia 

Other conn*tirs . 

dotal . v.wt 
Value . 


I'M" lull 1/1 


«.*•!* M| 'I 


1 i <>!<>■ i, 1; 

)SS;C ||,5' 


1 1 o,c ■■ ,, 

•I -0,01 --,'.75 
S 5 

1.7Is7 S 4 *1 
1 M m l"«" 


nr, | 

Vjlk 

jy» 7 . 

1 

r,Sl : 

504 1 

250 

«, 2 f > / ! 

s. 5 '^ i 

2,702 

■U 

- 1 


-si| 

^.Ol6 ; 

^. 95 -* 

•1, ji'i 


56,970 


* Ceuno u s u lu ni t> impni t 1 m r ■ >nj -i ( eimlius of nri-in in 1914-17. 

Stream tin has been mported from various localities near 
the west coast of the South Island, as at the foot of Mount 
William Range, at Kaiamea, Mokihinm, Canoe Creek and 
Clarke River. It has been found m the sluice-box concen¬ 
trates from auriferous gtavcls at Waunangaroa and the Black¬ 
ball district. Chic sample front the latter locality was found ■ 
to contain ,j.V.J per cent, of metalhc tin. “Tin crystals" „ 
(probably cassiterite) are recorded at Slaty Creek and" in the , 
vicinity of Lake Brunner, and " tin " is said to occur in the 
1 homes subdivision, Ilauiaki, Auckland. Stream tin and lodes. 
also occur near Port Pegasus in Stewart Island. No deposits 
of economic value appear to be known. 
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SOURCES OF SUPPLY OF TIN ORES (i am,nurd) 
pi) I'UKI Ji, X ( ot M Kills 

Kl'KOPl. 

Austria-Hi' N'c.Aiiv -I he tm-braiing l'uksof 1’ulieniia will be 
dealt with undei »'u iin.iny (ji. 78), as ihi'v .no closely con¬ 
nected With those on t lie Saxon side of the I'l/ip'bll !’r. Though 
once important, theit put put in recent yc.iis has been insignifi¬ 
cant, as Table ,|b -hou s 


/ 1 1 hit- ,)o 

Output uf I'm Ore anti I vi m Austria-Hungary 

In im'trir l-in. tz,:" j lb ) 

I JI" f‘)Sl !•)! J. 

Output of tin ore . . , <>05 

*. .. tin . . . i" j >s u 

Value of the ore . / o'- , J 4>5')* 


J * 9 * 3 - 


! 939 

I ii 

i 


The above figures represent low-grade ore, not concentrates, 
the value being under 48 per ton 
Tables 47 and 48 give the imports and exports of tin for 
Austria-Hungary. The trade was chiefly with Germany, but 
the imports from the Straits were nearly as large as the German 
imports in 1913. 


7 s 
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Tabic 47 

Imports of Tin into Austria-Hungary 


In metric torn 

{2,zO,\ lb) 



Countries whence Imported 

1910 

1 

j ion. 

19x2. 

1913. 

United Kingdom 

British Indies 

Germany .... 
Holland .... 
Dutch Fast Indw s 

Other countries . 

2<XX 

1 

2 U t 

I .-(> 

i „ 7 

*•75° 

2,4b! 

I Ho 

l<)(> 

! 17 

l 7 8 

I, 8 .n 

4,553 

I IO 

60 

74 

116 

1,908 

2,000 

77 

09 

44 

Total, metru tons 

Value . / 

/ ? 1, t f * ,j 

i.;os 
'IV 071 

4,Mot, 

1,001,250 

4,214 

8., 2,820 


Table 

t» 



I. xports nj 7 

in from 

. 1 ustria-llungary 


In mt 1 ru Itiiii 

"| lb) 



Countries to wlm |i ICtporfitl 


I'M f 

T'JI 

1913 . 

Germany .... 
Other countries . 

l< >ij 

s s t 

tioS 

tt" 

827 

2J4 

Total, metnc ton » 

Value . . i 

S' O 

; t 

;s'i 

1 u ;; f » 

«, ( >D 

IlJO.Oi J 

10 j. 590 


FhancI' . Thr pioduotum ot tin on- in I'T.mer has been small 
and err.itie, tlu 1 last output, appaiently, being tons front 
Monlobras in !<)<><). TIuto is, howevei, a small tin-smelting 
industry, I lie imports and exports of ore and metal are 
shown in the following tables 


Table 40 

Imports nf I in Ore into Trance. 

In metric ton-. •, 2,20 f lb ) 


Countries whence 
Imported 

Wtn 

ioi r 


l')U ! 

ton 

1915 . 

19X6. 

United Kingdom 
Chile 

* 

I,2«SO 

71 

I.81 j 

54 ° 

r. i ^6 

U 4 : 
1.932; 

i °3 

1.083 



Peru 

‘71 

771 

8 2 

1 2 i 
128 1 

125 



Indo-China 

r-* 

2 I I 

171 

123 



Other countries . 

r s 

11.1 

128 

338 

211 



Total, metnc tons 


2 c>H ^ 

~’.°57 

2.S041 

2 -545 

205 

443 

Value . < 

7 -’. M 4 

HO. 120 

80,694 

i 2 J.ua j 

1 

86,537 



* Not stated. 
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Table 50 

Imports of Tin into Fiance 


In metric ton* (2.204 lh.1 


Countries whence | 


1 


i . . 

"***"■* 


Imports! | 

I'JIO 

toil j 1 <31Z. 

j UH | I'lH . 

j "»‘,v 

1916. 

United Kingdom . ' 

•MU 

i 

1,8*2; 

M ■/•-Ml' 




British Indies j 

V’M 

S.'i.’i, i 

V'U' (.’(■<•%)] 




Germany 

I/jS ' 

1 2 u ;tui 

,'W WHS) 




Holland . . j 

5 -' 1 

V' ( ‘ 1 \l’t> 

u # > u-sm 




Dutch Irnlu - ! 

i.-V' 1 

J.-l J *1 

j i,i»i 




China . . : 

• 

* 

Mli Ill'); 




Other tountui -T . j 


C ' f ' *■ 

j .•;•] i:.ol| 




Total, jur tin- ton- , 

Io.Sm?. 

1 1 •. .11 

; ,, 

1 ‘ a, ~ii 

1 

MU 

12,068 

Value . i .1 

v>*‘ 

■ Mil 

1 • * 

- »7 ’ V I,| M. «M 




* Not 







t ‘lh** ftfjuie-, m In 

arUft-. if 

r" "i ‘ ■ ■■■ ■ 

1". 1 >!,' 1 t, niipo* ts for 

«onsuinptjon. 



Tab!,- si 





Export* i<j 7 in (he 

jr»m Frame 






1 n m- tie t> 

«*, lh 1 




Countries \ s win-1 


1 T 

,.t i f »t : )f>n 

! l‘i »4 

United Kingdom 


* O') 

*m; 1 J 

. • 1 / . 


W1 

Belgium . 


to; 

•' \ ‘ * 1 

r< 1 1 


iyj 

G ;-rmanv . 


{ i ' 1 

vi s ; 

!*>' j 


3°9 

Other lonntuos . 



m fts ; 

^ ; 


—- 

Total, rtut.rn 

■ tons 

! I'M 1 

YW '.^1 » 

mi 


895 

Value 


t 1 1 ■’M 

t>“ :jf) ' hi 

.'>V> 

V -.07 



I,Me 52 






Exports nj lin from Fiance 






I n metric tons , 2 ,. 

lh , 





Countries to which Exported 


19M 

tQU 

1913 

HM- 

United Kingdom 

J. S M 

1 

S j > 

1 

819 

Belgium . 

n 

<»•> 

* 5 * 

31 

53 

Germany . 


1 

'>■> 


4 ^ 

Holland 

2*’0 

</> 

*1'* 

15* 

46 

Italy 

m; 

17 2 

S ’ l 

> s * 

in 

Russia 

, 

■V '> 

IV 

.V' 

486 

Spain .... 

1 17 

10 ; 



221 

Switzerland 

ii* 

1 U 

Ml 

.70 3 

2 12 

United States . 

* 

B '7 

»v 

57 ° 

77 

French Colonies 

* S 7 

Ml 

M 3 

IbO 

MI 

Other countries . 

o'- 

1 </'> 

9 - 

■ 31 

69 

Total, metnc tons 

V’I'J 

1 . 77 "- 

3 . l-’O 

i .^5 

>,539 

Value . . 1 

5O9. |i*2 

7 V>,M 5 

f’VJ.V/i 

'>'.•3,469 

,09,504 


* Not stated. 
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In Brittany lodes occur in granite and slate, as in Cornwall. 
The chid minerals present are quartz, cassiterite, apatite, 
fluorite, molybdenite, arsenopyrite, pyrite, zinc-blende, chalco- 
pyrite, and galena. Topaz and tourmaline are. of rare occur¬ 
rence, and wolframite is absent. At La Villeder, south-west 
of I’loermcl, in Morbihan, mining was carried on from 1856 
to 186; and again [10111 1880 to 1886. Lodes also occur at 
Piriac, in Loire-InfOin;mr, and at Montebras, Vaulry, Cieux 
and other localities on the Central Plateau. At Montebras 
the lodes have been worked at various times; they occur in 
a fine-grained granite, and many of them are rich in phosphates 
such as apatite, wavelhte. ami amblygofute. 

Gkkm.wy 1 in-nnumg m the l-lizgebiige was an important 
industry in medi.eval 1 urn s Now, however, the lodc.s on both 
the Saxon and Bohemian sides of the range are practically 
exhausted, fable ji> (p 7 =,) shows the Austrian output in 
Tqio-xqij, ami for (.eimany the output was 125 metric tons 
of ote in n)io ami 11(1 m nj 1 r. valued at £2,800 and £5,850 
respectively. In ii|ig the output of tin ore was included with 
that of cobalt, nickel and bismuth oies 

Before the war Geimany had a considerable tin-smelting 
industry based chielly on Bolivian me. Tin was imported 
from (lie Dutch Indu s, the Sliaits Settlements, Australia, the 
United Kingdom, and elsewhei. . and the impmts of tin-plate 
from the United Kingdom amounted to 48,061 metric tons 
in iqrg. 

The exports of tin, as shown in Table 55, were mainly to the 
United States and the countries borderuig on Germany. 

Titbit' 5.; 

Imports 1 >/ Tin Ore into (let many 


In metric tons (2.201 lb ) 


Countries whence Importer! | 

! |" 

19 ™ j iort j 1911. 

1913 . 

United Kingdom 

Australia . . i 

Bolivia . I 

Chile . ' 

Other countries . , | 

, 1 

31 i 

7 1 \ : 

5 | H.227 j 

OM ' J. s 74 

4*M j 53 6 

1 IOi 

.j So 
T3,2()0 

0*4 

1,765 

82 

1.015 

15.83' 

868 

94O 

Total, tneti ic tom . 1 

Value . . / 1 

I/343 1 1 7 * 1 

! *.333.45° | 1.796,050 

'6.557 

,.069.650 

18,736 

2.342,050 



GERMANY 


79 


Tabic 54 

Imports of Tin into Germany 

Ill metric ton-; ( — oj lb \ 
Countries whence Imported j 


United Kingdom 

i VM 

1 S -* 1 i 

1.1*11 ; 


British Inches, etc 


1 j*.t. > 


‘>|i 

British Malaya, etc 

n 

’ to 


Hong Kong 

!'■» 

; 1 

* 

Australia . 

I.I-O 

I l ! j 


!,<><*» 

Austria-Hungary 

. f> 4 > 



Belgium 




.’07 

France 

nr, 

’ 1 


Holland 

f, ■ 


’ 4 * 

V '9 

Switzerland 

Vr 

V't 

1 1 \ 

China 



Dutch Bast Indies 

s Ml 




United States 

s 




Other count nos 

^ ' 


’ "> 

1 t » 

'I otal, met no tons 


t : 

1 *; c , v 


Value . 

- • 1 

* \«.t t tO <1 

l die. V, 

f ’ 


V>, C 35 " 


LxpOiis of I in jtom i>,'thinny 
fn ir , ' ,4 rii' t<. i. , i ’•> 


Countries to which Exported 


United Kingdom 


• 

51'» . 

Belgium 

(>y, 

/ f *’ 

> i“> 

France 

1,1 / } 

I. ; 

7 F t 1 

Italy 

S*’.’ 

KuU 

io 1 

Holland . 

vr 

t JO 

1*7 ! 

Austria-Hungary 

9 1 r » 

It t 

j y; 

Russia 

•?} •' 

t • / 

* }, J 1 

Switzerland 

j|' 

r’s 

•>51 ! 

Spain 

9 t 

1 r > r i . 

195 | 

Turkey 

** t 

-• 11 

^07 1 

Argentina . 

1 < >0 

179 

73 i 

United States 

2 . 15 '» 

1./77 

r.V>j . 

Other countries . 

41 / 

'M<- ' 

1 I 

Total, metric tons 

7 . 5 * 1 

7,60/1 

I 

Value . 

L 1 . 1^9 5 ’)' 

U 2 \y, 15 ° 

1.05.1,100 1 


i‘)i ♦ 


5 () ‘i 
•**9 
33 * 
227 
<M 7 
77 1 
47 " 

U<) 

U)H 

59 
* ’>41 
54 * 

/, <437 


The principal tin deposits of Germany and Austria arc those 
on both sides of the Erzgebirge, where tin-mining commenced 
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in the twelfth century. The lodes are connected with two 
granite intrusions which cross the range from Saxony into 
Bohemia, and they occur chiefly in the upper part of the 
granite and in the overlying phyllite, gneiss and porphyry, 
the deeper and more central portions of the granite being 
barren. Thus at Altenberg the ore was followed to a depth 
of 760 feet, below which it was no longer worth working. The 
ore here is in the form of a stockwork, with innumerable small 
veins or Zwitler bands. Farther south, at Zinnwald, flat lodes 
(Flbze) and gieiseu yield tm, wolframite and lepidolite, the 
last named having been worked as a source of lithia. At 
Graupen, on the Bohemian side of the range, orthoclaso and 
iluoispai are abundant m the vein material, with topaz in the 
adjacent ruck Imi tins west aie the lodes of Geyer and 
Ehrcnfi iedersdoi I 


At lierggiesshubel, ne.u the eastern end of the Erzgebirge, 
thin veins of 011hoelase, quaitz, lluorspar and cassiterite occur 
in alteied limestone bands near a granite intrusion. 

Tin lodes weie foimerly voiked in the granite of the Fichtel- 
gebirge, at Weissciistadt and elsewhere. 

1 foi.l.ANi). —Holland is important, not as a producer or large 
smelter of tm oie, but as the distributing centre of the greater 
part of the tm produced m the Dutch East Indies. Tables 56 
to 50 show the imports ami expot ts of tin and ore. Small 
amounts of ore, mostly Bolivian, were imported in the years 
preceding the war, but tins is insignificant in comparison with 
the metallic tin. Practically the whole output of tin in Banka 
was sold in Holland, and there were also imports from tile 


Table 56 


Imports of Tin Ore into Holland 


In n 

etric tons (2,20 \ lb ) 



Countries wlieticf Imported 

iqirt 

1911. 

IQI2 

* 9 * 3 . 

* 9 * 4 . 

United Kingdom 

62 

__ 

4 

2 

j. _ 

Australia .... 

— 

21 


— 

. — 

France .... 

‘9 

no 

7 

21 

— 

Germany .... 


.1 

I 

603 

I 

Chile .... 

‘Ml 

45 

3OO 

60 

389 

Dutch Fast Indies 



20 

5 

20 , 

Other countries . 

— 

~~ 

__ 

5 

-/ , 

Total, metric tons 

335 

179 

33a 

696 

410 f\ 

Value . . / 

4.468 

2.388 

4-439 

9.279 

J.467 


> 
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Table 5 y 

Imports of Tin into Holland 

In metric ton* 12,204 !b) 


Countries whence Imported. 

1910 ^ 

1011 t 

J 


1SU 

United Kingdom 

2 ,;i s 

I t ' 

i 


Straits Settlements 

**()T 



5 * 1 

Germany . 

** ( <iufj ! 



Dutch East Indies 

11 7 M 

1 > on ; 


i-f.-.U’ 

China 

JO' 

1 ' 


Other countries . 

70 t 

Mil 

1 j.j. ! 

• 10 

Total, metric tons 

J I t»-fi 

■’ t 1 , s , 

,0 W "1 1 : 2, 



Value . / 


, ,"t 'Ml i i 'm ,<-s <- 



IMc 58 

Exports of lin Ore pom Holland 

111 m-'tiir t*iii*- „> \ lb 1 


Countries to which 
JiXp;Tle'! 


United Kingdom. 

i * 5 

Germany . 

-•SO 

Other countries . 

Total, metric tons 


Value . 1 



Table V) 

Exports of Tin front Holland 


In metric tons fj,20| lb j 


Countries to which 




... 


Exported. 




* 9 ‘t 

1914 - 

United Kingdom 

160 i 

5 °o 

I/>07 ! 

1.373 

47 s 

Belgium 

J, 3 X 0 • 

1^70 1 


K.\<>0 

7 62 

France 

3 ^ 9 ! 

V -5 

2 7 uj 

2 49 

*55 

Germany . 

I.M'U ! 


1 3 » 75 1; 

12,040 

10, Itli 

Russia 

*>75 : 

-. >*5 

-*- 3*9 | 

2,605 

1,614 

United States . 

2/* 73; 

3 f ' 3 -i 

VM" i 

476 


Other countries . 

S'r> j 

770 

_ 1 

•7 So j 

(>(>■; 

809 

jS Total, metric tons 

19-**>5 : 

21,006 ’ 

^,009 1 

18,787 

24-453 

Value i 

. 

1 .657,092 j 

', 45 '. 7 U : 

,008.230’ 

1 

i,565/»o 

1,204,607 
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United Kingdom and other countries. The greater part of 
the tin was re-exported, two-thirds going into Germany, and 
it was therefore necessary at an early stage in the war to limit 
the imports of tin into Holland to an amount sufficient for 
domestic consumption. According to the monthly statistics 
of the New York Metal Exchange, the tin deliveries in Holland 
in the years 1913-17 were 15,522, 12,025, 4,734, 943, and g6z 
tons respectively. 

Italy. —The production of tm me in Italy is small, and was 
estimated at 20 tons in 1911 and .550 tons in 1912, all from 
one mine. The imports of tin .tie normally between 2,500 
and 3,<mo tons; m 1915 they rose to 4,245 metric tons, but 
became normal again in 191(1 Some 50,000 tons of tin-plate 
is produced yeail\ 

At Campiglia .Maiittiina, 111 Tuscany, non and tin were mined 
in early times, and the deposit-- were re-discovered in 1871. 
Masses of eassilente occm m veins of limonite, probably 
derived fiorn pyrile, which tiavi e-r limestones and shales of 
the Lower Lias. I he ocemrenj? is of mteiost as forming 
almost the only example m Emope of tm deposits of Tertiary 
age, to uhieh the gieal Bolivian deposits belong. In the 
neighbouring island of Elba specimen-, of ea-sitoritc have been 
found m gi,mites of Teitiai v age. 

I’oimuiAi . —'The I’mtugu. se tm deposits will be described 
with those of Spam (p. S|), with which they are closely con¬ 
nected. The output 111 recent years is given below. 

1'iil’k <>o 


Out put oj I'm Ore in Portugal 

In metric ton* (2,204 lb ) 
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Russia— Russia produces little tin, and her imports in 
normal years are between 5,000 and 6,ooo tons. Table 61 
show's the effect ol the war on the imports. In 1915 the total 
was 42 per cent, greater than in the previous year, and nearly, 
nine-tenths came from the United Kingdom; imports, from 
Continental Europe practically ceased, and the only other \ 
imports of any significance were from Japan and the United- ;', 
States, A'-' 
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Table 61 

Imports oj Tin into Russia 

In pomls {jo lb ) 


CoutiUiw whence Imported . 
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An extensive tin-plate in.lu-.try toiimrly existed at Odessa, 
using black platr iinj).u ted (n>ni W ale--. Since htuiiwr, 
this trade has diw.ixrd, ..wing to the d'Muviy of suitable 
iron ore for black plate in tin: 1 'rah n. ar l\ mi Modeln wotks, 
copying those m Wales, wire eniinl ami I hi -e Cr.il uoiks 
now command the Rus-ian maikei. linn m still, however, 
a small tin-plate industry at Odessa 1 lie tin-pUiv impound 
before the war was mainly fiom ( n im.iny 

In the Russian Kmpire tin d. posits.ue known m the Tr.in!*§« 
Baikal province, 111 the Crnl-, and rn I-inland. I he Tians- 
Baikal deposits consist of lod. s and pla.ejs ne.u tin villages 
Olovianoy Roudnik and Ni/lun-l'h.ir.in.ii on the Omni River, 
'and in the valleys of the Malaya KoulimJa ami Ingoda, tribu¬ 
taries of the Onon. At Olovianoy, about 150 miles south-west 
of Nerchinsk, the lodes contain quart/. and 1 assiteritc, together 
with beryl, lluorite and lepidohte. 'liny have been known 
since 1811, and were worked on a small scale between 1812 
and 1835. In more recent years a German company was 
formed to exploit them. 

The occurrence at Pitkaranta. north of Lake Ladoga in 
Finland, was worked from 1814 to 1904, during which period 
pit js said to have yielded some 250,000 tons of iron ore, 6,617 
. tons of copper, 489 tons of tin, and it -2 tons of silver. The 
: Ores consist of magnetite with some cassiterite and chalcopyrite 
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and a little scheelite; they occur in altered limestones and 
schists, and particularly in a rock known as " skarn,” which 
is made up of salite arid garnet. 

Tin deposits have also been reported in the Sossnowics and 
Dombrolf basins in Poland. 

Spai.v. —Tlie tin-bearing gravels of the Iberian peninsula 
were woiked by the Pliienieians and Romans, but at the 
present time neither tin- gravels nor the veins yield any large 
amount. The output given m Table 62 represents very low- 
grade niateii.il, the total value m lyl2 being only £3,506, which 
is equivalent to about i.(s. per ton. In normal years Spain 
imports about 1,400 tons of tin, chiefly from the United 
Kingdom and Ceiinany 

Table 62 

Output uf Tin Ore in Spain 

In metric tons (.>,.:<> j'lb ) 


j Jyi2 t«)ij 1 j « 4 | 1915. j 1916. 
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the most extensive series of occuireiif'es in the Peninsula 
are the lodes in a belt stretc hing north-westward from Zamora, 
across I lie Wu lli-eastei 11 p.u t of Portugal, into the province of 
The.'use m Galicia. In this belt ale the lodes of Pemita, Komilo, 
Vcrin, Monterey, Almara/., I.limbi ales, Yiana del Iloilo and 
Pontevedra m Spain, and those of Mirnmlella, Montesinhos, 
I’arada, (dellioso, Marao Anguena and Valle Seixo in the 
Province of Iha/ os Montes in Portugal. Other occurrences 
are those of Temibias and Santo Tome de Rozadas near 
Salamanca, San Isodoro and Marineia near Cartagena, near 
Ahnena on the south coast of Spain, and near Ramalhoso, 
Vizeu, and Pelmonte 111 Poitugal. In 1914 a bucket dredge 
was erected in the Gaia valley near Belmonte (Bcira Alta). 
The lodes occur in granite and schist. Wolframite is often 
abundant, either in association with cassiterite or in separate 
lodes. 


Asia 

China.- -China exports some 8,000 tons of crude tin yearly, 
nearly all of which is sent to Hong Kong (Table 63).. , The 
industry is entirely in the hands of tile Chinese, who smelt the 





Table 63 

Exports of Tin from China 
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ore in small furnaces and obtain a product containing about 
90 or 92 per cent, of tin, part of which is sent to Hong Kong 
to be refined. In 1913 refilling works of German design were 
completed near the Kochiu mines, but have not proved very 
successful. 

The exports to Hong Kong do not represent the total output 
of tin ia China, nor yet the quantity of Chinese tin which 
reaches the European and Anicncan markets. About one- 
third is retained to < Inna m a relined state, as shown in 
Table 0 .| The import- of tin-plate into China are from 20,000 
to 25,000 tons 111 menial yeais. Host of this was of British 
origin until lecently, but 111 1917 the United States supplied 
08 per cent of the total. 

Some ()0 per cent, of the tin exported is produced in the 
Mengt/.e distiict of Yunnan Here are situated the Kochiu 
mines, 20 imlis ftom Mengl/i , which are worked by native 
methods and employ 30,0110 men The production of tin at 
these mines 111 the vi .11 s 1912 lo 1910 is said to have been 8,234, 
7,636, 6,681, 7,405, and 6,862 tons ic-pcctivcly. In eastern 
Kwangsi aie the Ho Y 11.111 mine- at Hohsicn and the Fuchuan 
mines ; in 11 iiiiau the mine- ol An Y nan, l.cnshee and Shan wha¬ 
ling ; and m Hainan the Nmtsongling mines near Nodoa. 
fhe Kowloon extension, Hong Kong, also contains tin ore. 

I he tin lodes of Kochiu aid -aid to be connected with peg¬ 
matite of post- 1 1 lassfc age, and traverse limestones. Copper 
and iron sulphide-, -min times aisemeal, occur at depth, but 
near the suiface the lune-tmUj weathers to a red clay con¬ 
taining tinstone lrcc trmn sulphides. At Fuchuan and Lenshee 
the oie is found in a sandy soil overlying granite near its 
junction with limestone. Pipes and eaves in the limestone 
arc also worked. I lie ve.uly output of the Fuchuan district 
is said to be about 150 tons of metal; it generally assays over 
98 per cent, tm, and is 11-ed by the refiners in Hong Kong to 
impiuve the gi.ule ot the Yunnan tin. The workings at 
Slumvha-liiig follow pipes 111 limestone close to a granite in¬ 
trusion ; pyi thotite and pyi ite are abundant, and tourmaline, 
lluorite, zinc-blende and galena also occur. 

In the 1 ungchwan district, Yunnan, a lode of stannite is. 
worked. 1 he metal obtained on smelting is known as perhtung 
or wlute copper, and contains 42 57 per cent, of tin, 497 of, 
copper, 1 '3 of sulphur, and rS of lead. 

Dutch Fast Ixnn.s.—The tin-producing islands of the 
Dutch Fast Indies are Banka, close to the east coast of Suma¬ 
tra, Billiton, south-east of Banka, and Singkep, a small island 
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north-west of Banka. Sumatra also possesses tin deposits, 
especially in Siak. The output of the three islands is given 
in the following table :— 


fable (>5 

Output oj Tin ir. the Dutch fast Dulio. 

In t-HH 1 .*, ■ j n> > 


Banka 

' i'< 

VI 

Billiton 

\ 


Singkcp 



Total . 

. 1 ; 1. 

-I- 



on I 


1 

V«» 1 


*'>.».v s 


According to I he hm,.f$';.'Cr .\t,t,il Mm/:, l \,,ir Truk the 
production in Banka u.m i.i.i-ad ton-. 111 lots 1(1 and 14,52a 
tons in Kjiti-iy, while tint of Billin'! vir toils in the 

former yeai. 

in Banka tin ruining k ut; ir d 011 In the 1 .m ; 1 iiment. The 
ore deposits are almost rxiliwi, Iv alliiM.ii and arc wniked in 
0|h-n pits by Chinese <.ooln-s, eithei uiidei 1 ontiai t m under 
direct (lOveriinn nt supi-n Mini '1 lie oh- is smelted locally in 
blast furnaces, or sent to ieiiti.il suielteis winch exist m some 
districts. Before tile war Banka tin was all sold by auction 
in Holland, with the inception ol small amounts sold in 
Batavia or used foi Government sei vu < s i o prevent the tin 
reaching Germany dining the war, the supplies to Holland 
we,re limited by the Alias, and nun h ol the Banka till came 
direct to England and the Ended '-tati~ in Billiton and 
Singkcp piivate companies \uuk the tm deposits, and a large 
part of the Ole obtained is ymeltid at Singapoie 

The three islands lie on the 'Otjth-easleily extension of the 
axis of the Malay Peninsula The pi unary tm deposits are 
in granites and ancient sediment,, and <onsisl more of im¬ 
pregnations than true veins The gi.uiite enclosing them is 
altered to greiscn containing cas-tterite and topaz, while the 
. veins contain cassitcrite, pynte. wolframite, tourmaline, mag- 
1 netite and sometimes siderite 

There is some lode mining, but most of the tin me is obtained 
■from detrital deposits. These are of two kinds: kulit, or 
eluvial deposits on the hillsides, and kollon g, or alluvial deposits 
.•in the valleys. The former result from the weathering of the 

' 7 - 
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rocks almost in situ, and sometimes contain great masses Of 
cassiterite weighing nearly a ton. In the valley deposits the 
tin is practically coniined to a rich zone known as kaksa, which 
rests immediately on the bed-rock ( kong) and is covered by 
barren sand and day to a depth of 12 to 50 feet. The kaksa 
is commonly from 4 to 10 inches thick, though it may be as 
much as 3 feet. It consists chiefly of grains and blocks of 
quartz with some clay, and contains tourmaline, muscovite, 
hornblende, topaz and corundum, as well as cassiterite, wol¬ 
framite, schcelite, magnetite, monazite and sometimes gold. 
This material, which often contains 2 to 4 per cent, of cassi¬ 
terite, is washed and concentrated to a 68-73 per cent, metallic 
tin content, and the concentrate is often smelted on the spot. 
Some lode-mining is carried 011 m Billiton, and off the coast 
of Singkep stanniferous deposits are worked by dredges. In 
addition to tin, Billiton yields some wolfram ore and Singke-p 
a little gold. 

Tin mining in Banka began in 1718, and the island is said 
to have yielded some 500,000 tons of tin up to the present. 
The Billiton deposits were not exploited 011 a large scale till 
the middle of last cciiuny, and those oi Singkep about thirty 
years later. 

Indo-Ciuna. —This Flench colony produces small amounts 
of tin oie, part ot which is smelted locally and part exported 
to France and elsewheie. A Luge amount of nude tin from 
Yunnan also passes through the country on its way to the 
refineries at Hong Kong. No piodurtion figures are available, 
but the exports are given below. 

Most of tlu* tm ore comes fiorn the neighbourhood of Kao- 
Bang, in the north of Tonkin, where it occurs with wolfram 
ores in eluvial and alluvial deposits. These are derived from 
veins of quartz with cussitr rit® and wolframite in granite. 


Table <>0 

Exports of Tin Ore (oj Domestic Origin) from Indo-China 

In metric tons (2,201 lb.) 


Countries to which 
Kxportvrl 
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Table 67 

Exports of Tin [of Domestic Origin) from Indo-China 


In metric tons lb } 


Covslrks to which 
H«l>ortc<l 

_ ^ __ 
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kxporls oj Yunnan l m in 7 ratt^it /<» Hong Kong, etc. 

In motiu t-'iis lb ; 
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value . 1 1 ‘i ' • 1 j 715,35;: 


iin ore occuis «d.s<> al Han- in Laos, in what appears 

to be an ancient alluvial deposit Although water-worn, it is 
very impure ; it is lntimatelv nuvd with lunonite, and con¬ 
tains also arsenic, bismuth, molybdenum, lead and copper. 
The natives sink small shafts jo feet do p <.r h ss, crush and 
pan the ore, and smelt it to a tin with to m ao pci cent of 
impurities, or even to a tin-iron alio} which they use for 
weighting nets, etc. 

Japan.--J apan has a small output of tin oie, hut this meets 
only a fraction of her rcquncmcnts, and about 1,200 tons of 
tin and 25,000 tons of tin-plate are imported in normal years. 
The following tables give the statistics so far as they aro 

available:— 

1 able by 

? Output of Tm Ore in japan 

I 1 St', ‘ u/n. 


Quantity, metric tons (2,20,1 lb) . | 21 352 

▼ala* • • t 1 3.570 2^,22 2 

;___ _ __ 1 _ 1 _ 



4 K» 

37,476 
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Table 70 

Imports of Tin into Japan 

In km (r 1328 lb.) 


Country* whence 
Imported 
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Tlie cliief mine is tli.n of Tainy.ima m the province of 
Satsumu. Other mine.-, in the ixtieme south (Kyushu) are 
those of Nagao in the province of Osnmi, Iwato and Mitate in 
Hyuga, and Kiura in Bungo, while theie are productive placer 
deposits at Taniyama ami, ue.irei to tin- centre, at Nayegi in 
Mino and at Sudzuknya in Hitachi 
At Taniyama the veins ti.iveise a Tertiaiy tuff; they 
average about a y.ud m width, and some nach a length of 
one mile. They consist of qu,u t/. w itli cassitcnte and varying 
amounts of galena and pyntc. Then* veins have been worked 
almost continuously since uiyy 

The veins near the bolder id Hynga and Bungo appear to 
be connected with a <|u;utz-jioiphyry which cuts Palaiozoic 
limestones and qu.ul/.itcs They aie composed chiefly of 
pyrrhotite, sometimes with arsenopyrite, clialeopyrite or zinc- 
blende, while eassilei ite occurs in quartz vein lets. 

In the alluvial deposits ol Nayegi in Mino tlie cassiterite 
is found close to the granite bed-rock, and is associated with 
quartz, topaz, eonimlum, wolframite, fergusonite, etc. 

Siam. —The tin deposits of Siam form part of the great tin¬ 
bearing belt which stretches from Banka through the Malay 
Peninsula into Burma, and are connected with the granite of 
the Main Range whic h forms the' watershed of the peninsula., 
As in the Malay States, the cliief production is from detjrital i- 
deposits on the west side of the .Main Range, in Monthon 
Puket, while the east-coast Monthons of Chumpom, Nakora 
Sitamarat and Patani produce far smaller amounts. Tin ore 
also occurs in small amount in the valley of the Nam Sak river , 
and other places in the north of Siam. ’ \ ■' 

In the year 1916-17 the output of dredging operations- 
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amounted to 32 per cent, of the total production. The follow¬ 
ing table shows the output of tin by provinces 


Table 71 

Output oj I in in Siam in the year* ending Marih 31, K)i r—1917 

In piculs . 1lb ■ 
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Table ~ji allows l)i<* amounts rontnbuted bv the various 
Muangs in the Monthon of Ptiket to tin* total rxpuits, treated 
as metallic tin. 
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Belgian Congo. —To the north of the copper-bearing belt 
-of Katanga a tin-bearing belt extends 111 a north-east and 
ssouth-west direction for over 100 miles. Promising deposits 
are known at Busanga, Muika, K iambi, Muanga and Mulongo, 
and development work has been done at some of these localities. 
The cassiterite occurs, often in large crystals, in veins of quartz 
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and pegmatite cutting schist and granite. The Muika mine: ' 
is said to have produced io tons of concentrates a month at 
the beginning of 1914, but operations were suspended on the 
outbreak of war. 

At the Busanga ridge, between the Lualaba and Lufupa 
rivers, tin-bearing quartz veins occur in schist. Disintegration 
of the rocks has produced a mass of loose material fairly rich 
in tin. 

Poktucuksk East Ai kica. —Some of the concentrates from 
stream deposits m the territory of the Companhia de 
Mozambique, examined at the Imperial Institute, were found 
to contain small amounts of rassiteritc. The streams in ques¬ 
tion flow over foliated granite. A recent discovery at Chiraoio 
is said to he important. 

Soutii-VVkst At RK A. — 'I his (oimcr (human colony produced 
tin ore to the value of £41,568 in iqij. The tin-bearing belt 
extends from Otjimboyo, on the Khan River north-east of 
Karabib, through the Erongo Mountains in a north-westerly 
direction to Uis, which is east of the Brandberg and about 
fourteen miles south of the I'gab River. Cassiterite was first 
discovered in iqro at Ameib, south of the Erongo Range, 
and further discoveries soon followed at Dawib, Aubinhonis, 
Tsomtsaub, Neineis, IJis, Kawab, Otjumuc and Kohero East. 
At all these localities the mineral occurs in pegmatite intrusive 
in the ancient rocks and genetically connected with the older 
granitesof the Erongo area. The pegmatite is usually a coarse¬ 
grained rock composed of quartz, felspars and pale greenish- 
white muscovite, The accessory minerals include tourmaline, 
garnet, magnetite and apatite, together with beryl at Ameib, 
wolframite, monazite, columbite and molybdenite at Dawib, 
and lepidolitc at Kohero East. Tourmaline and cassiterite 
rarely occur together in the pegmatite. The cassiterite occurs 
sporadically in large grains and crystalline masses, some¬ 
times of very large size, one mass found at Dawib having 
weighed 500 lb. 

The results obtained from the opening up of the veins have 
been somewhat disappointing, owing to the patchy distribution 
of the ore in the pegmatite and the way in which many of • 
the veins die out at comparatively shallow depths, The 
Kohero East Mine, however, was successful in producing about 
120 tons of concentrates, averaging over 70 per cent, of metallic !• 
tin, before the outbreak of the war. This mine was only 
worked to a depth of 92 feet, below which the pegmatite 
disappeared completely. ‘ " ( 
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Alluvial deposits and "float,” formed from the erosion of 
„ the stanniferous pegmatites, occur at t'hatputz (north-west of 
Ameib), Otjimboyo, Tsomtsaub, Aubinhonis, Neineis and 
Kawab. In general they were found to be poor and of slight 
extent, and most of the good ground appeals to have been 
worked out. Occasional nuggets of gold were obtained at 
Neineis, Aubinhonis and bhaiput/,, and at the last-mentioned 
locality a large storage dam. to supply water for hydraulic 
working, was erected in ioi but was destroyed during the 
recent campaign 


Ami ri* \ 

Bolivia, —Tin mining in Bolivia only began late in the 
nineteenth century, but the country now ranks second among 
producers. The output mctca-ed steadily up to 19 13, and 
the export of barilla (tm ore content rate containing about 
bo per cent, metallic tin) in recent year- is shown in fable 73 1 — 
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According to the British Legation at l.a I’az. (Met.. InU. 1918, 
18 , 27) the destination of the tm on 1 xportcd is as follows : — 

Table 79 

lixpnrt s oj I ui Ore jruht Unlivui 

I 11 nit'tnv ton> :i lb ) 


Country of Destination 
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Only a small amount of metallic tin was smelted in Bolivia 
in the years preceding the war, the bulk of the barilla being 
shipped from Antofagasta, Mollendo and other Pacific ports. 
Most of it was sent to the United Kingdom, but a considerable 
amount went to Germany, The exports to Germany, which 
in 1913 amounted to about 35 per cent, of the total production, 
ceased on the outbreak of war. A fresh market for this ore 
was found in the United States, which took increasing amounts 
of the Bolivian exports in 1915 and 1916, most of the remainder 
going to the t nited Kingdom. Smelting woiks for Bolivian 
ore were elected at Perth Amboy, New Jersey, and others 
at Arica in Chile, and La Pa/, in Bolivia. 

1 he Bolivian tin mines are situated on the Eastern Cordillera 
and the high plateau between the Eastern and Western Cor¬ 
dillera, some of them being over 17,000 feet above sea-level, 
fhrec-cpiartcrs of the piodurtion come fioni the department 
of I’otosi, and the most important mining centre--, from north 
to south, are Araea, Omni, Maeliacamaie.t, 11 uannni, Llallagua, 

I nc.ia, Potosi, Sala Sala, ( horaya and ( Iioin|(|iie. The L’ncia 
and Llallagua mines togethei pindui e over 90 per cent of the 
total. Ihe tm is often associated with silvei oies, especially 
in the sou tin in d 1st 1 lets, and is e ( ,niu ■< ted with eniptive 1 oeks 
of Jertiaryage, 1 he most mipmtaiu gangue mineral is quartz, 
which is sometimes ;n 1 oinpauied by c-deite and barite, but 
tourmaline. Ihnuite, jopa/ apaute and litliia-miea are either 
absent or rare. 

In addition to eassitei itv and the silvei mineials tetrahedrite, 
pyrargyrite, pioustite, etc, there omir also pyrite, arseno- 
pyrite, pyirliotite, clulcopynte, stibnite, galena, zinc-blelide, 
stannite, bouinomte and bismuth minerals, as well as the rare 
tin-bearing mineiats plumbostannite, eantieldite, cylindrite 
and frauekeite. Ihe element geimanmm is present in the last 
three minerals and in argyrodite The lodes have an oxidised 
gossan of considerable depth, which isiich in pi unary cassiterite 
and wood-tin funned fioni tin sulphides, and which often 
contains native silver and cerargyiite together with much iron, 
oxide. ‘ ; 

In the time of the Spanish domination, the mines of Bolivia 
were worked only for gold, silver, and copper. The tin ores 
were rejected, and accumulated on the dumps and in old stopes, 
forming valuable deposits. When' the tin and silver ores are 
in close association, it is usual to roast the ore and leach out - 
the silver before concentrating the cassiterite on jigs and tables. 
At the present day, however, the bulk of the Bolivian tin ore 
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ponies from simple tin lodes free from silver. The barilla as 
shipped to England usually contains about fin per cent, oxide 
of tin, 16 per cent, oxide of iron, and 4 per cent, silica, some¬ 
times with traces up to 1 per cent, of sulphur and antimony. 
Some of the mines have installed electro-magnetic separators 
to improve the grade of the concentrates. Some stream tin 
is obtained, as at Potosi, I'ncia and 1 lallagua The gravel at 
Uncia is up to 40 feet in thickness and is woiked by shafts, as 
the cassiterite is mainly at the hi4tons 

Other Sort): Ami r n as Si.ues- t hilt- and IY111 export 
large quantities of tin me mined m liohw.i. but apait from 
the last-named state tlieie appeal- to be no appiictable 
production m Smith Amenta I'm deposits, many oi 
them workable, are known in meuj in m.m\ pint', and 
transport ditticulties aie the chief ob-tat le to the develop¬ 
ment of some of these deposit-., in Argentina cassiterite 
occurs in gramilitc m tin' ptovimes of 1 at.unaic.i and La 
Rioja. 

Mkxii 0 —i.assiteiite is wititly di-tubitted m Mexico, and 
has been winked by the nanus in I'mango, J.disco, (iuaila- 
juato, San Ians I’otosi, Acu.i- t'.dieiit' - and ( oahtnl.t As in 
Bolivia, the mimtal m uis m vo|< mn im k- of l ciliary age 
tonally m tin, • due- with purplr, iitn quat 1 /, and felspar, in 
rhyolite-luffs, or ociasimulb m trachyte (I)mango). it is 
found 111 fissures and lault-plam m mint tahsed belts in these 
rocks, sometimes limited betwem well-delmcil walls, some¬ 
times impregnating the alten d luimtiv lot k (m a considerable 
distance. (.haleetlonv 1- the Commom-t ot the associated 
minerals, and others aie tpu.iU' opal, « alette, oxides of iron 
and manganese, tluonte, topaz, dtuancile (tluo-.useiiate of 
sodium, aluminium and iron), wolfi.unite and bismuth ores. 
Nodules of crystalline cusMtei tte an found .-howmg a tadiating 
Structure and weighing as much a- zi lb Alluvial deposits 
also occur, as at Tcpezala in \gua- t alientes. 

Tin mining was earned on m tin Aztec period and still 
continues on a small scale, tin- output of tin being under 
50 tons a year. The ore is cobbed by hand to about { inch, 
and washed first in a planilla (a hole in the ground with a 
sloping surface about 5 feet long draining to a cup-shaped 
hollow), and finally in a wooden batea. The dried concentrate 
usually contains 45 to 65 per cent, of tin. The blast furnaces 
are built of stone and clay, are only 2 feet 6 inches high, and 
have two bellows of ox-hide. The concentrate is smelted with 
charcoal and hard-head obtained by crushing and washing the 
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slag from previous operations. The metal produced contains 
from 90 to 96 per cent, ot tin, and is sold locally. 

United States.— The United States is the largest consumer 
of tin in the world, taking about 40 per cent, of the world’s 
output before the war and over 50 per cent, in 1916 and 1917. 
Nevertheless, its production of tin ore is insignificant, and it 
had till recently no tin-smelting industry, even the ore raised 
in the country being sent, for the most pait, to the Straits 
Settlements for smelting. Its laige requirements were met by 
tin impelled in the metallic state, mostly from the Straits 
by way of England , but direct shipments from the Straits 
Settlements and the Dutch East Indies have increased during 
the war. 
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The war rendered uncertain the supply of tin from British 
sources, and at the same time stopped the export of Bolivian 
ore to Germany. These circumstances have resulted in the 
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establishment of a considerable tin-smelting industry in the 
United States, treating Bolivian ore, the purer ores from 
British sources not being available for smelting outside, the 
British Empire. Electrolytic refining of the tin is being tried. 
The first tin-smelting works, excluding an unfortunate attempt 
ill the past, began operations at lYith Amboy, New Jersey, 
early in 1916. and is reported to have produced 5,800 tons of 
metal from Bolivian coneeuti.ues during that year. Other 
plants constructed or planned by Ameiiean companies, both 
in the United States and in Bolivia or Peru, have an estimated 
capacity of some ,’>5,000 tons of metal annually, which exceeds 
the present ore-output of Bolivia and aKo the smelting capacity 
of Great Britain. So great an expansion ol the world's smelter 
capacity, accompanied as it is by diminishing ore production, 
must lead to keen competition for ore in the immediate future. 
The output of tin me in the United States ts given in 1 able 75, 
and Table 7(1 shows the import- of ore 

Tabic 77 shows tile imports of tin. I he figures tor 1912--13 
were the largest on record, but those for 1915-1O are. 25 per 
cent, higher than these Including tin in ore the total imports 
■for 1917-18 ate estimated at 78,100 short tons. In 191b the 
production of tin-plate amounted to 1,, 183,200 short tons, or 
double the production in 191.9, and 200,950 short tons of plate 
were exported in the fiscal year i;. 

Alaska is the only conmierual produce) of tin ore, about 
two-thirds of the output in 191b coining from dredges in the 
York district, and the tonamder from gold-tin filacers in the 
Hot Springs district on the Lower'lamina. Diet e is also some 
lode mining on the Lost River. Stream tin was first discovered 
in 1900 on Buhna ( reek, neai York, some twelve miles south¬ 
east of Cape Prince of Wall s 111 the western pai l of the Seward 
Peninsula. 

In this district the placer deposits of Buck t reek and Lost 
. juid Anikovik Rivers have been the chit f producers, the last 
named yielding gold as well as tin ore. Lode mining has been 
carried on, to a small extent, at ( ape Mountain and on the 
Lost River, and lodes are also known to exist at Ear Mountain, 
'“■Buck Creek, Brooks Mountain and other localities. In the 
Lost River region, dykes of quart/-porphyiy in lunestone 
contain irregular seams arid stringers of quartz and lithia-mica, 
with which arc associated cassite.ritc and wolframite. Pyrite, 
arsenopyrite, galena, zinc-blende and molybdenite are some- 
■ times present, and the chief gangue minerals arc fluorite, 
zinnwaldite and topaz. On Brooks Mountain, at the head of 
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Including 11S tons from Japan and 63 tons from South America. 
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Uic Lost River, the tin-iron borates hulsite and paigeite occur 
in limestone metamorphosed by a granite intrusion. 

In the Yukon basin the placer deposits of Sullivan Creek, 
Tanana River, in the Hot Sptiugs district, yield eassiterite 
and gold, and stream tin also occurs in the Circle and Ruby 
districts. A small amount of the Alaskan tin concentrates 
has been smelted at Seattle: some has been sent to Swansea; 
but the greater part has been shipped to Singapore for treat¬ 
ment, 

On the bordets of North and Ninth t andtna, at (uiffney, 
King’s Mountain and I.iiicolntnn, small amounts o) tinstone 
have been obtained fiom alluvial deposit* and from pegmatite 
dykes which traverse decomposed gnuy I lie Illack Hills of 
South Dakota and Wyoming lmludr tno tm-be.mng legions, 
Spearfish and Tintou in the umili and llurttrv 1 'eak in the 
south, in both ol which miniiig:. ipeiat ion - h.n e had di .appoint¬ 
ing results. In I i \,is wins ami impiegiutioii.s in granite have 
been mined on tin- ra-t slop,- <,| Mount 1'i.uiklm, l< n miles 
north of hi l'aso. 1 lie cunienu.ue «,i-, sim itid on the spot 
ill a small oil-lired iev< 1 1;« l aimy furnace, and the output was 
3 tons of block tm m hjm ami q ton-m lull. 

In Lander County, Nevada, in.immillaiv * asgftoiite occurs 
with ll.einatlte, eli.d, nlooy. Opal, ti idunite and quuitZ ill 
Tertiary rliyoliti I instone uUmhcuis in v ms m the Shen¬ 
andoah valley, \ irgmia, in %ui I in g® ( onnt\. and at 11 mescal, 
California, and at a numb* 1 ol otlim |>$j alite s 

The recoveiy ol "sc. oiidary tin. inamlv from clean tin 
scrap, and to a h—, extent limn old nn caim, etc,, is an im¬ 
portant industry in the I'liitul ''tales In nub the amount 
thus recovered was about »f per rent of the tin imported 
into the country, the amount hung 17400 tons valued 
at £3,152,300. i he quantity iceuvrred ,is tin was 7,fx>o 
tons, and that m alloys and diemnal compounds 9,800 
tons. The latter consist! d mainly of tm (.blonde, with some 
tin oxide, putty |>owder. etc , and alloys -mIt a*, babbitt metal, 
bronze, solder, pewter and electrotype metal. 
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